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ABSTRACT 
The aim of the study was to determine and document evidence of the comparative effect of a 
12- week whole body vibration training programme, exercise training programme and 
sedentary control group on the anthropometric profile, aerobic capacity, lung volumes and 
hence, the pulmonary capacity in people with asthma.  
 
The study used a descriptive, exploratory, quasi-experimental research approach employing 
randomised pairing to classify participants into either the whole body vibration therapy or 
exercise training group. Accidental and snowball sampling was used to identify and obtain a 
base of volunteers. A three-group pre-test/post-test design was employed to gain insight into 
statistical differences that might be apparent between the whole body vibration therapy group, 
the exercise group and the control group, and which could potentially be attributed to 
participation in the whole body vibration exercise programme. Randomised pairing for 
participant selection was selected because of the potential effects varying pulmonary variables 
might have had on the reliability of the study.  
 
A Physical Activity Selection Criteria Questionnaire was completed by participants to ascertain 
baseline physical activity readiness and as a means of determining selection criteria for their 
allocation to the whole body vibration training group, the experimental exercise group or the 
true control group. The pre-test/post-test assessment made use of a combination evaluation 
that incorporated an anthropometric profile assessment of height, weight, biceps, triceps, 
subscapular and suprailliac skinfolds, waist and hip circumference and posture, an aerobic 
capacity evaluation that incorporated aspects of both the YMCA and Astrand and Rhyming 
Physical Work Capacity (PWC) evaluation on a cycle ergometer and, lastly, a pulmonary 
variable assessment that made use of both the Datospir Peak-10 peak flow meter and the 
Spirovit SP-100AT spirometry unit integrated into the Cardiovit AT-6 model for all spirometry 
measurements.  
 
Participants were required to complete either the whole-body vibration or the exercise training 
programme a minimum of twice a week and a maximum of four times over the same period. 
The duration of the intervention programmes was approximately 30 minutes and consisted of 
three sections including a warm-up comprising flexibility exercises, whole body strength training 
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exercises, and a cool-down which, in turn, consisted of massage exercises or replicated 
flexibility exercises. The main difference between the whole body vibration and exercise 
training group thus lay in the exclusion of the use of vibration for those participants assigned to 
the exercise training programme.  
 
Analysis of data was performed using descriptive and inferential statistics with the help of a 
qualified statistician. The identified variables were tested at a 95% level of probability (p<0.05) 
as recommended by Thomas and Nelson (1996:117). Descriptive data, in the form of a 
statistical mean, standard deviation, minimum, median and maximum values, obtained during 
this study were reported in the form of a t-score for selected anthropometric and pulmonary 
variables.  
 
The 12-week intervention programme, on analysis of the results, produced statistically 
insignificant improvements in the variables of anthropometric profile, aerobic capacity and lung 
volumes identified as determinants of, and factors influencing, the cardiorespiratory fitness 
level of participants with asthma and hence, the subsequent severity of this chronic condition. 
However, slight mean increases for the whole body vibration training group were evident for 
certain variables identified in this study. 
 
Based on the results, the inference could be made that whole body vibration therapy and 
exercise were both effective modes of training to improve the cardiorespiratory fitness level of 
people with asthma, but the results of the study did not show sufficient practical or statistical 
significance to verify the assumption that whole body vibration training was a method superior 
to conventional exercise training. Hence, the significance of whole body vibration training on 
the pulmonary variables of people with asthma could not be determined. The researcher 
recommends that future studies be undertaken to verify whether whole body vibration training 
incorporating larger participant groups could produce significant improvements in pulmonary 
variables in people with asthma.
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CHAPTER ONE 
PROBLEM FORMULATION 
1.1 Introduction 
According to the World Health Organization (WHO), at least 300 million people suffered 
from asthma worldwide, and 255 000 people died of the disorder in 2005. In South Africa 
alone, over 2,844,702 people were reported to have suffered from asthma during 2006 
(“Wrong Diagnosis”, 2006), while an article by Wjst and Boakye (2007) stated that 20.3% 
of the South African population were reported as suffering from asthma. 
 
A study conducted by De Marco, Locatelli , Cazzoletti, Bugianio ,Carosso and Marinoni 
(2005:95) stated that the incidence of asthma was a relevant public health problem in 
young adults and that the likelihood of developing adult onset asthma was significantly 
higher in people suffering from allergic rhinitis and mild asthma-like symptoms as well as 
women and young people. A similar incidence risk for developing asthma was reported 
by Thomsen, Ulrik, Kyvik, Larsen, Skadhauge, Steffensen, Duffy and Backer (2006:229) 
in young adults diagnosed with hay fever and eczema.  
 
Asthma is currently under-diagnosed and under-treated, creating a substantial burden on 
individuals and families and possibly restricting individuals’ activities for a lifetime. If 
urgent action is not taken, according to the World Health Organisation (2005), mortality 
rates from asthma will increase by 20% over the next ten years. A study by Pianosi and 
Davis (2003:225) found that overweight children with asthma experienced greater 
limitations in physical activity and were prescribed more medication rather than being 
advised to increase their physical activity levels. This could explain the findings by 
Welsh, Roberts and Kemp (2004:867) that while the physical activity levels of children 
and adolescents with asthma were comparable to those of their non-asthmatic peers at 
that common stage of their lives, these levels decreased during the maturation of the 
former from adolescence into adulthood. 
 
 
Subsequent decreases in physical conditioning (with ensuing increases in obesity) 
because of lower physical activity levels ultimately resulted in higher medication dosage 
requirements to control asthma exacerbations (Pianosi and Davis, 2003:228).  
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The American College of Sports Medicine’s “Guidelines for exercise testing and 
prescription” (2006:5-6) stated that almost 40% of adults do not engage in any leisure-
time physical activity, with the result that persuading sedentary adults to increase 
physical activity levels required the implementation of an activity target level of moderate 
intensity instead of the traditional high intensity (2006:5-6). The ACSM recommended 
that emphasis be placed on the identification of an effective level and mode of physical 
activity that could provide health benefits while reducing the non-compliance often 
encountered, according to Mancuso, Sayles, Robbins, Phillips, Ravenell, Duffy, 
Wenderoth & Charlson, because of time-constraints, weather conditions, lack of 
motivation and work obligations (2006:137). 
 
Whole body vibration (WBV) is a novel exercise modality that exploits the neuromuscular 
system’s ability to respond to disruptions in stability in order to stimulate and enhance 
muscle strength and performance. It does this by provoking an energy transfer within the 
body by means of vibrations that result in a stretch reflex. Depending on the frequency at 
which the machine is set, the mechanical stimulus will produce varying rapid and intense 
muscle contractions. These contractions may occur at a frequency of up to 30 to 50 
times per second (Ribot-Ciscar, Rossi-Durand and Roll, 1998:149).  
 
WBV training offers a host of benefits including improvements in muscle strength, 
flexibility, range of motion, bone density and cardiovascular improvements (Roelants, 
Delecluse, Goris and Verschueren, 2003:3). According to the exercise programme 
guidelines outlined by Clark (in Durstine and Moore, 2003:110), a WBV training 
programme should therefore be an ideal form of exercise for the person with asthma as it 
incorporates the use of large muscle activities, increases flexibility and provides a basis 
for improving balance and neuromuscular control through the disruptions it produces in 
stability. WBV training should also be an ideal mode of exercise as it provides a short 
term, supervised exercise protocol where the training leader has more or less direct 
influence and control over the process, which according to Emtner and Hedin (2005:123) 
ensures a fairly good adherence rate to the training programme.  
 
Little research has however, been done on the cardiovascular and hence aerobic effects 
that Power-plate® may have on the lung functions of people with asthma. The purpose of 
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this study was therefore to describe and document the effect that whole body vibration 
(WBV), in the form of Power-plate®, has on the pulmonary capacity and subsequent lung 
functions of people diagnosed with asthma. 
 
1.2 Problem Statement 
The primary goal of the study was to ascertain whether statistically significant differences 
between the whole body vibration therapy programme and an identical exercise 
programme performed without the application of vibration technology, could be obtained 
for the variables of anthropometrical profile, aerobic capacity, lung volume and 
pulmonary capacity in people with asthma. If so, whole body vibration technology could 
potentially provide an effective mode of exercise that would limit the barriers to physical 
activity (often posing as excuses to avoid the latter) such as inclement weather 
conditions, family and work conditions, time constraints, and asthmatic exacerbations, in 
addition to providing health benefits and in particular, improvements in lung capacities 
and volumes.   
 
1.3 Aim 
The aim of the study was to determine and document evidence of the comparative effect 
of a 12-week whole body vibration training programme exercise training programme on 
the anthropometric profile, aerobic capacity, lung volumes and hence, the pulmonary 
capacity, in people with asthma.  
         
1.4 Objectives  
To address the aim of the study, the following objectives were set and adhered to: 
1.4.1 To explore and describe any changes in the aerobic capacity after a 12-week exercise 
training programme. 
1.4.2 To explore and describe changes in the lung volumes and capacities of asthmatic 
patients following the 12-week exercise training programme. 
1.4.3 To explore and describe any changes in body composition that could assist 
improvements in aerobic capacity. 
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1.4.4 To explore and describe changes in posture that could assist improvements in 
aerobic capacity. 
1.4.5 To explore and discuss comparative differences which could have existed between the 
whole body vibration and experimental group.  
 
To achieve the above-mentioned objectives, three participant groups were established 
which included a whole body vibration therapy group, a comparative exercise group and 
a control group. The whole body vibration therapy group performed all exercises on the 
whole body therapy device, while the comparative exercise group performed identical 
exercises without the vibration therapy. The control group remained sedentary for the 
duration of the 12-week intervention period. 
 
1.5 Problem Clarification 
The benefits derived from physical activity have long been recognised as an essential 
component of a healthy lifestyle (Emtner and Hedin, 2005:123). This opinion is reinforced 
by Welsh et al., (2004:862), whose research stated that children and adolescents 
participating in regular physical activity may benefit in the form of increased aerobic 
fitness, an optimal body composition and improved ventilatory capacity and performance.   
 
According to Emtner and Hedin (2005:123), persons suffering from asthma often avoid 
physical activity and exercise training due to the fear of experiencing exercise-induced 
asthma symptoms (EIA). A study conducted by Mancuso et al., (2006:137) reported that 
during the assessment of exercise and healthy activities in asthma patients, evidence 
was found that even people diagnosed with mild asthma limit, or avoid, certain activities 
due to a concern for asthmatic exacerbations, thus producing a cycle of self-imposed 
limitations that increases the risk of the development of other serious medical conditions. 
Clark (in Durstine and Moore, 2003:105) defined exercise-induced asthma (EIA) as a 
syndrome characterised by transient airway obstruction usually occurring five to 15 
minutes post-exercise. Symptoms consist of wheezing, coughing, chest discomfort, 
shortness of breath or a combination of symptoms that last for up to 30 minutes following 
the cessation of exercise. The mechanism of EIA is thought to result from the forcible 
inhalation of cool and dry air, which in turn produces respiratory heat and water loss and 
an increase in respiratory osmolality. EIA may also result from increases in minute 
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ventilation during exercise (Clark in Durstine and Moore, 2003:105; Sonna, Angel, 
Sharp, Knapik, Patton and Lilly, 2001:1676).  
 
The avoidance of physical activity due to EIA generates a self-limiting cycle of inactivity 
that has given rise to the perception that people with asthma have a reduced capacity for 
exercise (Welsh et al., 2004:862), thus explaining the previous findings of Sonna et al., 
(2001:1676) which emphasized that a sedentary lifestyle by people with asthma could 
potentially result in lower maximal oxygen uptake and anaerobic thresholds in 
comparison to unaffected people. 
 
Clark (in Durstine and Moore, 2003:105) argued that despite exercise being capable of 
producing EIA, it should nevertheless be incorporated into the patient’s management 
plan. Research by Emtner and Hedin (2005:123) found that exercise training in people 
with asthma is beneficial in terms of improvements in cardiovascular and respiratory 
conditions, a reduction in EIA, reductions in asthma symptoms and subsequent attacks; 
while Ford, Heath, Mannino and Redd (2003:435) reported a reduced premature 
mortality and morbidity rate from co-existing diseases and an improved ability to perform 
activities of daily living with appropriate physical activity. A study by Welsh, Kemp and 
Roberts (2005:127) substantiated the above claim by stating that a number of studies 
reported reductions in hospitalisations, wheeze frequencies, school absenteeism, 
medical consultations and medication usage with increases in physical activity levels.  
 
Therefore, when EIA is well controlled, asthma presents no limitations to exercise 
training and marked improvements can be obtained by adhering to a standard exercise 
programme designed to improve overall fitness (Clark in Durstine and Moore, 2003:106). 
Furthermore, the practice of regular physical activity by people suffering from mild to 
moderate asthma, in conjunction with responsible medication habits, should be 
vigorously promoted by practitioners and other health care professionals.  
  
According to Clark in (Durstine and Moore, 2003:110), the exercise programme for 
people with asthma should include aerobic activities incorporating large muscle activities, 
such as walking or stepping, performed three to seven days per week for a duration of 30 
to 45 minutes per session, strength training exercises completed two to three times per 
week with one to two sets of eight to 12 repetitions per exercise, and flexibility exercises 
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completed three to seven days per week for a duration of 20 to 60 seconds per stretch. 
In addition, the programme should include a warm-up and cool-down session for ten to 
15 minutes each, neuromuscular activities incorporating balance exercises performed 
daily, and functional activities aimed at improving the ability to perform activities of daily 
living.   
 
In agreement with the above recommendations, the Ford, Heath, Mannino and Redd 
(2003:423) stated that the aim of physical activity should be the completion of 30 minutes 
of moderate intensity exercise on all or most days of the week. This substantiates the 
need outlined by the ACSM (2006:6) for the identification of an exercise modality and 
intensity level that provides significant improvements in health related parameters. 
 
Welsh et al., (2005:136) found an overwhelming weight of evidence that aerobic training 
in particular is beneficial in improving aerobic fitness in people with mild to moderately 
severe asthma, and that aerobic fitness in people with severe asthma may be normalised 
by appropriate training under carefully supervised conditions. In concurrence with the 
abovementioned study, a 10 week aerobic conditioning programme conducted by 
Hallstrand, Bates and Schoene (2000:1460) found that maximum voluntary ventilation 
improved during submaximal and maximal exercise with decreases in minute ventilation, 
ventilatory equivalent and dyspnoea indexes. Significant gains in maximal oxygen 
consumption and anaerobic threshold occurred in both the experimental and control 
group. Subsequent decreases in minute ventilation, experienced during aerobic fitness 
training, should therefore also reduce the occurrence of exercise-induced asthma 
symptoms experienced during or after exercise training (Sonna et al., 2001:1676). 
However, according to the recommendations of Clark (in Durstine and Moore, 2003:110) 
mentioned above, the aerobic conditioning programmes, as reported by Welsh et al., 
(2005:136) and Hallstrand et al., (2000:1460) should incorporate aerobic, strength, 
balance and flexibility components to provide all-round health related benefits. This was 
substantiated by Kuehl and Goldberg (1997: 607), whose research found that regular 
participation in physical activity with the goal of enhancing functional ability and fitness is 
associated with health enhancing and psychological benefits. 
 
A study conducted by Hyde and Swarts (in Welsh et al., 2005:128), conceded that 
although exercise does not cure asthma, a training programme consisting of endurance 
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work, strength training, flexibility and breathing exercises is likely to improve physical 
conditioning to such an extent that decreases in the amount of airway obstructions 
occurred. 
 
1.6 Methodology 
The intention of the study was to determine and document evidence of the comparative 
effect of a 12-week whole body vibration training programme and an exercise training 
programme on the lung volumes and related pulmonary variables in people with asthma, 
as measured against a sedentary control group. 
 
The study used a descriptive, exploratory, quasi-experimental research approach 
employing randomised pairing to classify participants into either the whole body vibration 
therapy or an exercise training group. For this purpose a three-group pre-test/post-test 
design was employed to gain insight into possible statistical differences between the 
experimental (whole body vibration therapy), comparison (exercise) and control groups 
that could be attributed to participation in the whole body vibration exercise programme.  
 
Participants were required to complete either the whole body vibration or the exercise 
training programme a minimum of twice, and a maximum of four times a week. The 
programme lasted approximately 30 minutes per intervention session and consisted of a 
warm-up, resistance training exercises and a cooling down period. Initially the exercises 
started on a frequency of 30 hertz low amplitude, with a duration of 30 seconds per 
exercise in order to allow the participants to adapt to the frequency of the vibration. 
However, the programme intensity progressively increased with the inclusion of mostly 
dynamic movements (slow, small, and controlled movements), resulting in longer 
sessions lasting approximately 30 to 45 minutes with rest intervals of minimal length 
between each exercise. This complies with the recommendations provided by Power-
plate® for appropriate cardiovascular training on whole body vibration plates. 
 
The participants in the comparative exercise group underwent identical exercises to 
those performed by the whole body vibration therapy group. Exposure to the vibration 
therapy was, however, eliminated from the test protocol of the comparative exercise 
programme in an attempt to determine whether exposure to whole body vibration therapy 
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could produce statistically significant differences in the lung volumes and relevant 
pulmonary capacities of people with asthma.  
 
1.7 Limitations 
The main limitation highlighted in this study was the small participant group which was 
attributed to the 44% drop-put rate experienced during the twelve-week intervention 
programmes. Post-hoc comparisons could not be performed due to the results not 
approaching practical or statistical significance due to the small participant group. A 
further limitation was the inability to produce a larger pulmonary variable base including 
variables such as inspiratory reserve volume, expiratory reserve volume and forced 
expiratory volume in 0.5 or 1.0 minutes. 
 
1.8 Summary 
The study points out the incidence and prevalence of asthma as a world epidemic with 
statistics of 2,844,702 million people in 2006 in South Africa alone who suffer from 
asthma.  A higher probability for the development of asthma in persons currently 
diagnosed with hay fever, eczema, allergic rhinitis, those of the younger generation, and 
particularly those who are female, is cited. The major impact that the disease could have 
on the asthmatic person’s daily life, including a self-limiting cycle of exercise avoidance 
due to the exercise-induced asthma symptoms that manifest, is reported. The study also 
records that, with the reduction in daily levels of physical activity and exercise, asthma 
patients may experience a worsening of existing symptoms with the resultant increase of 
medication dosages and usage, and that weight gain due to low levels of exercise may 
compound the problem with further asthmatic exacerbations, such as wheezing and 
shortness of breath. 
 
In essence, this study set out to determine whether whole body vibration therapy could 
provide a mode of exercise suitable for enhancing health benefits while producing 
statistically significant improvements in the lung volumes and capacities, aerobic capacity 
and anthropometric profiles of asthmatic patients. The method includes a comparison 
study measuring the differences in the dependant variables in the pre-test and post-test 
levels of assessment between a whole body vibration therapy group, an exercise group 
and a sedentary control group in which the vibration technology for the exercise group 
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was excluded but in which the exercises, exercise duration and exercise frequency per 
week were identical in the performance of both study groups. 
 
Whole body vibration therapy was used for the study because it is an innovative method 
that provides a means of stimulating large muscle activities while exploiting the 
neuromuscular system’s ability to respond to alteration in stability, thereby producing 
enhanced strength and performance. In doing so, the whole body vibration technique 
adheres to the guidelines laid down by the ACSM (Durstine and Moore, 2003:110) 
2003:110). These guidelines emphasise the need for people with asthma to participate in 
large muscle activities for a minimum of 30 minutes of physical activity or exercise three 
to seven days per week, strength training exercises two to three times per week, and 
flexibility exercises performed three to seven times a week. Participants are also 
encouraged to attempt to implement functional and balance exercises as well as warm-
up and cool-down periods to improve the performance of the activities of daily living, and 
to reduce the occurrence of exercise-induced asthma.  
 
As little research is available on the cardiovascular effects of whole body vibration 
therapy in comparison to traditional land-based exercise training in respect of special 
population groups such as those afflicted with asthma, the aim of this study was to 
describe and contrast the effect that whole body vibration (WBV) and conventional land-
based training have on the pulmonary capacity and subsequent lung functions of those 
diagnosed. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Introduction  
According to Howley and Franks (2003:331), pulmonary rehabilitation programmes are 
essential in the management and maintenance of a person with asthma. These authors 
explained that although these programmes provided little improvement in VO2max, lung 
function testing or mortality rates, they could, and should, focus on improvements in 
quality of life and the ability to perform daily living activities. 
 
Pulmonary rehabilitation programmes may include management plans incorporating 
pharmaceutical intervention, complementary and alternative management therapies 
and/or the performance of moderate intensity exercise, aimed at improving 
cardiorespiratory fitness and functional ability. 
 
The purpose of this study was to emphasise the importance of an exercise training 
programme in the management and treatment of asthma. The study discusses the 
effectiveness of a conventional exercise programme and makes a comparison with the 
whole body vibration training programme, incorporating the latter into the study as an 
alternative intervention method for asthma management. 
 
2.2 Asthma defined 
According to Sims (2006:264), asthma is defined as a chronic inflammatory disease 
characterized by reversible airflow obstruction and airway hyper-responsiveness. His 
research indicated that during an acute asthmatic exacerbation the pulmonary airways 
develop an increased responsiveness to one or several triggers. A trigger refers to 
factors or conditions that produce exacerbations of asthma symptoms. McKeown 
(2003:9) listed the most common triggers (in alphabetical order) as allergies such as 
those to cigarette smoke, colds and flu, cold air, dust mites, exercise under certain 
conditions, moulds, noxious fumes, pet dander, pollens, stress, and weather conditions 
such as fog and damp.   
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Balch and Balch (2000:195-196) wrote that two common forms of asthma exist, 
namely allergic asthma in which asthma-producing allergens such as environmental 
pollutants, animal dander, food addictives, dust mites and tobacco smoke precipitate an 
asthma attack, and non-allergic asthma, in which factors such as adrenal disorders, 
temperature changes, exercise, dryness or humidity, emotions such as fear, stress or 
anxiety, and respiratory infections act as allergens. Cardiac and intrinsic asthma are two 
conditions that are related to factors other than those caused by allergens or 
environmental and emotional stimuli. Cardiac asthma, according to Balch and Balch 
(2000:196), refers to a condition that produces the same symptoms as other forms of 
asthma but is caused by heart failure, while intrinsic asthma occurs in adulthood and is 
related to upper respiratory viral infections such as bronchitis. 
  
Nowak and Handford (2004:323) maintained that two fundamental approaches underlie 
the process of the asthmatic disorder, namely the immune and neural mediated 
responses. These approaches occur in both allergic and non-allergic asthmatic 
exacerbations. The immune mediated response refers to a hypersensitivity to airborne 
allergens by the IgE antibodies which are produced due to the presence of the allergen 
within the body. These antibodies attach themselves to airway mucosal surfaces, mast 
cells which are present in the lung interstitium and basophils. Guyton and Hall (2006:529) 
stated that subsequent exposure to the presented allergen stimulates the release of 
slow-reacting substances of anaphylaxis, histamine, bradykinin and eosinophilic 
chemotactic factors. These factors produce a localized oedema in the walls of the 
bronchioles, the secretion of thick mucus into the bronchiolar lumen and spasms of the 
bronchiolar smooth muscles, which result in a reduced diameter of the bronchioles, 
particularly during the expiration phase of breathing.  
 
The neural mediation as described by Nowak and Handford (2004:324) is caused by 
abnormal autonomic receptors in the bronchiole smooth muscle and muscle glands or 
hyperactive irritant receptors in airway mucous membranes. This disordered autonomic 
control produces muscle constriction, mucus hypersecretion and increased vessel 
permeability. 
 
The abovementioned immune-mediated responses, according to Conboy-Ellis (2006:25), 
may cause patients with asthma to experience sudden episodic onsets of wheezing that 
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may be more pronounced during the night or in the early morning, or with exposure to 
cold air, exercise or heartburn. Shortness of breath and associated coughing may 
accompany the wheezing, either with or without the accumulation of phlegm or mucus 
production. 
 
Conboy-Ellis (2006:25) emphasized the need for asthma therapy to employ a combined 
approach of drug therapy and lifestyle changes to control the signs and symptoms of 
asthma effectively.  Alternatively, while in concurrence with this research, Nowak and 
Handford (2004:326) maintained that the above-mentioned symptoms could usually be 
controlled by eliminating exposure to the allergen or the emotional/environmental 
stimulant, thereby interrupting the commencement of the response.  
 
Exercise-induced bronchospasm (EIB), exercise-induced bronchoconstriction and 
exercise-induced asthma (EIA) are all terms used to refer to the transient airflow 
obstruction associated with participation in physical exertion or intense exercise. 
According to Milgrom and Taussig (1999:1), exercise is, unfortunately, one stimulus for 
asthmatic symptoms and subsequent exacerbations that cannot and, for most persons, 
should not be completely avoided; fortunately it is fairly widespread in children and 
adolescents due to their participation in vigorous activities. The authors went on to say 
that the severity of the bronchospasm in EIA is related to the level of ventilation, to heat 
and water loss from the respiratory passages and to the rate of airway re-warming and 
rehydration that takes place post-exercise.  
 
This statement concurs with the research by Carlin and Seigneur (in Erhman, Gordon, 
Visich and Keteyian (eds), 2003:375) which stated that the occurrence of 
bronchospasms is related to the humidifying and heating of large volumes of air during 
exercise. Cooling and drying of the airways during exercise thus produces an 
inflammatory mediator release, which serves to narrow the bronchial smooth muscle, and 
cellular abnormalities take place in response to these mediators.  Both Milgrom and 
Taussig (1999:1) as well as Carlin and Seigneur (in Erhman et al., 2003:375) maintained 
that bronchospasm typically occurs within the first ten to 15 minutes of participation in 
exercise, peaks eight to 15 minutes after exertion and spontaneously resolves 
approximately an hour post-exercise. However, research by Milgrom and Taussig’s 
(1999:1) found that symptomatic bronchospasms may appear during sustained exertion, 
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while that of Carlin and Seigneur (in Erhman et al., 2003:375) discovered that a 
refractory period occurs in some asthmatic patients which enables the person to continue 
exercise despite the asthmatic episode.  
 
Symptoms of exercise-induced asthma are similar to those of asthma and typically 
include shortness of breath (dyspnoea), coughing, wheezing, chest tightness and pain, 
but fortunately this condition does not produce a long-term increase in airway reactivity, 
and all symptoms may be treated prophylactically rather than with continuous treatment 
(Milgrom and Taussig, 1999:1). 
 
Certain symptoms however, exist for both asthma and exercise-induced asthma that are 
regarded by the ACSM (2006:78) as emergency symptoms which should serve as 
termination criteria for both the exercise testing and training programme. These 
symptoms, according to Sims (2006:265), include extreme difficulty in breathing with 
associated anxiety and agitation due to shortness of breath, cyanosis, particularly of the 
lips, face, mucous membranes and nail beds, tachycardia, fatigue, headaches, irritability, 
chest pain/ tightness, a decreased level of alertness and mental functioning, such as 
drowsiness or confusion, and abnormal breathing patterns or cessation of breathing. 
These symptoms are classified, not only as a determinant of exercise termination, but 
also as important manifestations of the disorder that determine whether the person 
requires emergency treatment.  
 
Status asthmaticus is a condition in which the prolonged and severe asthmatic 
exacerbation is unresponsive to treatment. The condition may continue over days or 
even weeks, compromising ventilation to produce pronounced cyanosis, according to 
Nowak and Handford (2004: 326).  
 
Sims (2006:265) explained the development of this condition as the result of bronchial 
smooth muscle spasms and inflammation of the bronchial airways which, in turn, causes 
a narrowing of the airways with increased mucus production. According to Sims, the 
process is similar to that which takes place during an asthma attack, but is worsened due 
to the large scale inflammation and bronchial smooth muscle contraction. Microphages in 
the airways release complements that increase the permeability and cause vasodilation, 
thus activating the T lymphocytes to produce interleukins and affect inflammatory cells 
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such as eosinophils. The migration of eosinophils, neutrophils and macrophages to the 
airways due to the increased permeability produces an exacerbated contraction process 
of the bronchial smooth muscle. Mucus production subsequently increases and the 
airways become progressively more resistant to the treatment administered to relieve the 
exacerbation (Sims, 2006:265).  
 
 As status asthmaticus is a life-threatening condition, the vicious pathologic circle of 
asthma must be treated to break the cycle and prevent it (Sims, 2006:265). However, as 
pointed out by McKeown (2003:9-10), for asthma to be treated, a correct diagnosis 
needs to be made to discern between the allergen stimulus and the various types of 
asthma. 
 
2.3 Diagnosis of asthma severity 
The author Mintz (2004:894) proposed that the severity of the patient’s asthma could be 
ascertained based on the symptoms of the patient, his/her medical history and current 
medication usage, a physical examination, and the results of pulmonary function 
measurements.  
 
According to McKeown (2003:11), the medical history of the patient includes establishing 
if he or she has experienced asthma symptoms while at rest, during exercise or after 
exposure to a known allergen or trigger. The medication usage is important to determine 
the effects of the prescribed medications with reference to determining whether 
temporary reversal of symptoms occurs, thereby excluding other conditions with common 
asthma-type symptoms such as emphysema, which displays irreversible airway 
obstruction (McKeown, 2003:12). 
  
Both Mintz (2004:894) and McKeown (2003:11) stated that evidence of reversible airway 
obstruction may often be detected in the physical examination, or by physiological means 
in the form of spirometric testing, bronchial provocation and peak flow meter 
measurements.  
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2.3.1 Spirometric testing 
According to Mintz (2004:895), spirometry measures should be performed for the 
preliminary assessment of asthma, for the evaluation response to treatment and to 
assess airway function. Sims (2006:265) wrote that spirometry measures the amount 
of air forcibly exhaled and the length of time it takes to exhale it - usually in one 
second. If the amount of air exhaled in the first second (FEV1) is disproportionately low 
compared to the total amount of air exhaled, then an obstruction is present. Spirometry 
is an important means of the diagnosis of asthma as it distinguishes the condition from 
other conditions with similar signs and symptoms such as bronchitis or bronchi-ectasis 
(Readers Digest, 1999: 88). 
 
2.3.2 Bronchoprovocation testing 
Spirometry, according to the authors of “Readers Digest Guide to Medical Cures & 
Treatments” (1999:88) may also be combined with a challenge test, called a 
bronchoprovocation test, to identify the specific asthma triggers and to measure the 
effectiveness of medications. The challenge test may take the form of an exercise or 
allergy test during which the patient is subjected to a suspected trigger and the 
subsequent effect is measured by the spirometer (Readers Digest, 1999:88).  
McKeown (2003:12) stated that the most common broncho-constricting agents used 
during the provocation test are histamine or methacholine as the airway passages in 
asthma patients are more sensitive to the inhalation of these substances and a more 
extensive narrowing of air passages is therefore produced. 
 
2.3.3 Peak flow measurements  
Peak flow measurements are made by using a peak flow meter. This apparatus is a 
portable device that measures the volume of air forcibly exhaled in one second (FEV1) 
(Sims, 2006:265). According to Sims, the peak flow rate is important in monitoring 
asthmatic symptoms as the peak flow measures are comparable to the forced 
expiration volume measured in one second (FEV1). The peak flow rate is considered to 
be normal if it falls between 80% and 100% of the value predicted for the person’s 
height, weight, age and gender. An acute attack, according to this research, is 
regarded as severe when the peak flow measure is less than 60% of the predicted, 
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while a measure of less than 50% of the predicted value is regarded as an indication 
of an emergency situation.   
 
Balch and Balch (2000: 196) stated that although asthma may be difficult to diagnose 
conclusively, the diagnosis of asthma is essential in order to classify the severity of the 
disease correctly and thus provide the patient with an effective intervention strategy, 
including a means of controlling the frequency and intensity of asthmatic 
exacerbations. The biokineticist should be able to differentiate between the various 
classifications of asthma and medications prescribed in order to provide individualised 
exercise prescription for the patient with asthma. 
 
2.4 Classification of asthma 
Classification of asthma is based on the frequency and duration of signs and symptoms 
as well as the severity of the type of asthma and subsequent medication usage. 
According to Conboy-Ellis (2006:28) and Brukner and Khan (2007:821-822), the 
following four classification subdivisions exist for asthma: mild intermittent asthma, mild 
persistent asthma, moderate persistent asthma, and severe persistent asthma.  
 
Mild intermittent asthma symptoms occur on average less than twice a week or two 
nights a month. No symptoms and normal peak expiratory flow (PEF) rate are evident 
between attacks, while brief exacerbations may last from a few hours to a few days and 
vary in intensity. Forced expiratory volume in one second (FEV1) or peak expiratory flow 
(PEF) greater than 80% of the predicted values may be present, while PEF values are 
less than 20% (Conboy-Ellis, 2006:28). 
 
Mild persistent asthma refers to symptoms that occur less than twice a month or more 
than twice a month for night-time symptoms, while exacerbations may affect activity and 
exercise. FEV1 or PEF greater than 80% of the predicted values and PEF variability of 
between 20% and 30% may be present (Brukner and Khan, 2007:821-822). 
 
Moderate persistent asthma is presented by daily symptoms with subsequent daily usage 
of short-acting beta2-agonist. Exacerbations occur more than twice a week or persist 
over days, while night-time symptoms occur more than once a week. The activity 
participation of the person may be affected by asthmatic exacerbations. Values of FEV1 
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and PEF are greater than 60%, but less than 80% of the predicted value, while PEF 
variability values may be greater than 30% (Conboy-Ellis, 2006:28). 
 
Severe persistent asthma symptoms are continual, particularly night-time symptoms with 
exacerbations limiting physical activity because of their frequency. FEV1 or PEF values 
less than 60% of the predicted value and PEF variability greater than 30% exists 
(Brukner and Khan, 2007:821-822).  
 
These four classifications of asthma served as guidelines for the selection criteria used in 
the participant selection criteria questionnaire. This questionnaire provided a selection 
method for the classification of the participants into the exercise, comparison and true 
control exercise groups.  The classification method is important in determining the 
severity of asthmatic exacerbations and hence determines the management strategies to 
be implemented in an attempt to control and subsequently normalise the condition.           
 
2.5 Management of asthma 
According to Sims (2006:268), the goals of asthma management are to identify and 
reduce exposure to asthma triggers, to prevent and reduce the frequency of asthmatic 
exacerbations, to maintain normal pulmonary function, especially as measured by peak 
flow, and finally, to educate the patient in respect of his/her disease. Worsnop (2003:421) 
stated that the long-term aims of asthma management should include the maintenance of 
normal activity levels to relieve acute episodes of asthmatic exacerbations while 
improving the patient’s quality of life in order to reduce the number of emergency 
department visits. Brukner and Khan (2007:827) summarised the main management 
methods as non-pharmacological treatment in the form of exercise, and pharmacological 
treatment with additional usage of complementary and alternative management 
therapies. 
 
2.6 Exercise management of asthma 
Physical activity has long been regarded as a useful means in the management and 
treatment of a large variety of chronic diseases and disorders, and the benefits derived 
from such activity or moderate intensity exercise are recognised as an essential 
component of a healthy lifestyle (Emtner and Hedin, 2005:123). Ram, Robinson and 
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Black (2000:162) stated that people with asthma have a unique response to physical 
activity which, on the one hand, may provoke exercise-induced asthma, a condition 
which produces an increase in airway resistance during performance of physical activity, 
or on the other hand, may be beneficial in the management of asthma, especially in 
children and adolescents. 
 
Research by Worsnop (2003:421-422) found that most people with asthma were not 
participating in those levels of physical activity associated with a contribution to the 
maintenance of good health. Low levels of physical activity have also been linked to the 
development of hypertension, cholesterol, diabetes and obesity, as well as an increase in 
the rate of mortality and morbidity (Worsnop, 2003:421-422). However, Ram et al., 
(2000:162), found that most asthma sufferers are fearful of inducing asthmatic 
exacerbations and therefore avoided or restricted physical activity to prevent the signs 
and symptoms of exercise-induced asthma. A low level of regular physical activity, in 
turn, leads to a low level of physical fitness.  
 
A number of studies have found that patients with asthma have lower cardiorespiratory 
fitness levels in comparison to their peers. Worsnop (2003:421-422) felt that if asthmatics 
restricted their physical activity because of symptoms such as dyspnoea, it was often an 
indication that the asthma was not being effectively controlled by pharmacological 
treatment methods. In such situations, steps should be taken to improve the 
management and subsequent treatment of the asthma, rather than allowing the patient to 
continue restricting voluntary participation in physical activities.  
 
Weisgerber, Guill, Weisgerber and Butler (2003:453-454) found that a positive 
relationship between exercise and asthma demonstrated many benefits including an 
increased aerobic capacity and cardiovascular fitness, improved symptom control and 
increased self-confidence. Certain research studies, according to Weisgerber et al., 
(2003:453-454), suggested that exercise could improve the quality of life of people with 
asthma, particularly in children. Milgrom and Taussig (1999:1-5) wrote that physical 
fitness raised exercise tolerance and capacity, which resulted in an increase in oxygen 
consumption and uptake, a reduction in ventilatory requirement and a reduction in 
cardiac frequency and lactic acid production at any given workload. Although there was 
no consistent evidence that physical training decreased the incidence of exercise–
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induced asthma or improved pulmonary function, it allowed an increase in exercise 
load to occur before the threshold for exercise-induced asthma was attained (Milgrom 
and Taussig, 1999:1-5). Ram et al., (2000: 162) suggested that an increase in regular 
physical activity of sufficient intensity to increase aerobic fitness would raise the 
ventilatory threshold, thereby lowering the minute ventilation during mild and moderate 
exercise. Consequently, breathlessness and the likelihood of provoking exercise-induced 
asthma would both be reduced. Exercise training in the form of respiratory muscle 
strengthening might also reduce the perception of breathlessness. 
 
Clark (in Durstine and Moore, 2003:110) recommended that the exercise programme for 
persons with asthma should include various modalities of exercise that aspired to 
improve whole body functionality. The main aspects outlined by the ACSM (2006:206) 
include aerobic exercise, resistance exercise, flexibility exercises, neuromuscular and 
proprioception exercises with a set of warm-up exercises and cool-down exercises 
starting and ending the training session respectively. Howley and Franks (2003:335) 
stated that a minimum of 30 continuous or accumulated minutes of moderate intensity 
exercise, performed on all or most days of the week, is recommended for persons with 
asthma. Brukner and Khan (2007:919) argued that the emphasis had moved away from 
excessively vigorous exercise, as previous research had shown that vigorous activity 
might be a mediator for the onset of exercise-induced asthma. According to Worsnop 
(2003:421-422), gradual increases in the intensity and duration of exercise could provide 
increased benefits, as studies had shown that people who engage in strong to intense 
exercise experienced a reduction in ischemic heart disease compared to those who 
participated in a low to moderate intensity. Ford et al., (2003:432) claimed that a 
compounding consideration for the participation in physical activity was the weight loss 
associated with an increase in physical activity levels. A reduction in body mass index 
through weight loss might improve asthma control and reduce the breathlessness that is 
often associated with participation in exercise. 
 
In concurrence with the last mentioned research, Ram et al., (2000:162) stated that 
physical training programmes had been designed for patients with asthma with the aim of 
improving physical fitness, neuromuscular coordination and self-confidence. People with 
asthma who partook in training programmes reported that they had experienced a 
subjective symptomatic improvement when physically active and once an adequate 
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physical fitness level had been attained.  However, as Erhman, Gordon, Visich and 
Keteyian (2003:373) indicated, it is important to note that persons with asthma 
experience a variability in the pathophysiological processes underlying the condition, 
therefore participation in exercise would need to be varied, especially prior to or following 
an asthmatic exacerbation when exercise tolerance may be severely limited. Therefore, 
as Erhman et al., (2003:376) pointed out, the exercise prescription should be based on 
objective measurements of the exercise capability and individualised for each person 
with asthma.  
 
2.6.1 Whole body vibration training as an exercise modality 
Whole body vibration (WBV) training is a novel neuromuscular training method that has 
recently received great recognition as a medium for improving speed-strength 
performance in elite athletes, as well as an alternative or complementary training 
modality to existing training regimens in most health and fitness centres (Delecluse, 
Roelants, Diels, Konickx and Verschueren, 2005:662).  
 
Cardinale and Bosco (2003:3) wrote that the term vibration refers to a mechanical 
stimulus characterised by an oscillatory motion. Intensity of the vibration is based on 
biomechanical parameters such as the amplitude, frequency and magnitude of the 
oscillations. Amplitude of vibration is influenced by the oscillating motion with reference 
to actual displacement. The frequency of vibration is controlled by the repetition rates 
of oscillation cycles while the magnitude of the vibrations is determined by the 
acceleration influences of the vibratory process. Depending on the frequency at which 
the machine is set, the mechanical stimulus will produce varying rapid and intense 
muscle contractions. These contractions may occur at a frequency of up to 30 to 50 
times per second (Ribot-Ciscar, Rossi-Durand and Roll, 1998:149). 
 
As early as 1982, research was conducted to determine the effects that vibration 
stresses have on the human body. Carlsoo (1982:251) found that the anatomical 
structure of the body, and particularly the skeletal, articular and muscular components, 
is designed to withstand, diminish and absorb mechanical energy generated by 
impacts, jolts and vibrations without sustaining damage. Muscle fibres contain elastic 
and plastic properties that are capable of resisting and diminishing the effect of 
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tensional stresses such as vibrations and jolts through active and passive 
contraction and relaxation.  
 
According to Delecluse, Roelants and Verschueren (2003:1033), whole body vibration 
training requires the person to stand on an oscillating platform that generates vertical 
sinusoidal vibrations. These mechanical stimuli are transmitted through the body in the 
form of energy and serve to stimulate the sensory receptors such as the muscle 
spindles and Golgi tendon organs within the body (Ribot-Ciscar et al.,1998:149). 
Lebedev and Peliakov (in Bosco, Colli, Introini, Cardinale, Tsarpela, Madella, Tihanyi 
and Viru, 1999:186) advanced this notion by stating that vibrations may elicit excitatory 
flow through short-motor neuron connections. 
 
Delecluse et al., (2003:1033) explained that stimulation of the above-mentioned 
proprioceptive organs causes activation of alpha motor neurons thereby initiating a 
muscle contraction. This process is referred to as a “tonic vibration reflex” and is similar 
in concept to a stretch reflex arch. Burke et al., (in Bosco et al., 1999:186) maintained 
that the vibration reflex operates predominately through these alpha-motor neurons, 
thus bypassing the normal cortically originating efferent pathways used by normal 
voluntary muscle contractions.  
 
This statement supported the research by Ribot-Ciscar et al., (1998:148-149) which 
highlighted the fact that whole body vibration has the capability of exploiting the 
neuromuscular systems in order to respond to disruptions in stability as a means of 
stimulating and enhancing muscle strength and performance.  
 
Whole body vibration training in this context satisfies the definition of physical activity, 
which refers to any bodily movement produced by skeletal muscles that results in 
energy expenditure. Exercise refers to a subset of physical activity defined as planned, 
structured, and repetitive bodily movement executed to improve or maintain one or 
more components of physical fitness (for instance, as put forward by Hoeger and 
Hoeger (2009:6), muscular strength and endurance.) 
 
According to Roelants, Delecluse, Goris and Verschueren (2003:3), WBV training 
offers a host of benefits including improvements in muscle strength, flexibility, range of 
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motion, bone density and cardiovascular fitness. Based on the guidelines outlined by 
the ACSM (Clark in Durstine and Moore, 2003:110), a WBV training programme would 
be an ideal form of exercise for the patient with asthma as it incorporates the use of 
large muscle activities, increases flexibility and provides a basis for improving balance 
and neuromuscular control through the disruptions it produces in stability.  
 
Modification properties of skeletal muscle tissue in response to whole body vibration 
training have been under investigation for many years. Skeletal muscle tissue adapts 
to stimulation from many external sources according to Cardinal and Bosco (2003:4). 
These authors contended that gravitational loads have a great influence over muscle 
adaptation and subsequent muscular performance.  Daily exposure to gravitational 
forces allows the muscle to maintain normal functional and performance capabilities. 
However, a reduction in gravitational exposure, referred to as microgravity, produces a 
decrease in existing muscle mass and force-generating capability. A state of hyper-
gravity – an increase in gravitational application to the muscle – produces an increase 
in the cross-sectional area of the muscle, thereby producing an increase in the force-
generating capability. 
 
Morphological and neural adaptations are evident in the skeletal muscles during 
strength and power training with increases in the gravitational load applied (Cardinal 
and Bosco, 2003:4). However, early gains in force-generating capacity of the skeletal 
muscle have been attributed to changes within the nervous system as a result of 
limited adaptation of the cross-sectional area of the muscle fibre in the first few weeks 
of a vibration training programme. 
 
Research by Bosco et al., (1999:186) found that the duration of the vibratory stimulus 
had a direct bearing on the adaptive response of the skeletal muscle to the hyper-
gravity conditions induced. In the study by Bosco et al., (1999:186) a vibration stimulus 
was applied for a period of three weeks, which produced neuromuscular function 
enhancements in the extensor muscles of the leg, thereby producing a shift in the 
force-velocity relationship to the right. Despite the vibration application lasting only ten 
minutes per training session, the effect of the gravitational field was consistent. This 
research also showed that an equivalent training outcome would require the person to 
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complete a 150 kg leg press and half-squat exercises with three times the person’s 
body mass applied twice a week for five weeks.  
 
Cardinale and Bosco (2003:5) reaffirmed these findings when they emphasised the 
importance of the duration of exposure to vibration during actual training sessions. 
Short-duration exposure to vibration training of approximately four to five minutes 
divided into one-minute bouts with one minute rest intervals was shown to produce 
enhancements of voluntary strength exertion. Long-duration vibration exposure 
resulted in a reduction in the force-generating capability of the skeletal muscle which 
could be attributed to either an inhibitory feedback effect by the Golgi organs or a 
reduced sensitivity of the muscle spindles caused by neurotransmitter depletion or pre-
synaptic inhibition. Modification properties of skeletal muscle tissue in response to 
whole body vibration training were not limited to the effects of biomechanical 
parameters alone, but also depended on the spatial position and force application of 
the body. 
 
The review by Carlsoo (1982:254) summarised the effects of vibration on the 
application of grip force on the vibrating handle. A weak grip produced a decline in 
muscle activity as the frequencies of vibration increased from 6.3 to 100Hz. A stronger 
grip produced a greater muscle activity at vibration frequencies of 10Hz to 50Hz. The 
rise in muscle activity at 10Hz might be due to an increased demand for stabilization of 
the arm within its resonance range, while the heightened activity at 50Hz could be 
explained by the natural resonance frequencies of the muscle fibres or could be due to 
central nervous impulses around a frequency of 50Hz. An extremely tight grip 
produced pronounced activity in the muscles of the biceps brachii muscle, but 
influences were only partially due to vibration stimulation.     
 
Carlsoo (1982:254) also noted that the spatial positioning of the arm governed the 
degree of muscle activity and not only the magnitude of the force with which the handle 
was held. Dupui et al., (1976) (in Carlsoo, 1982:254) showed that the elbow position 
influenced the response of the arm muscles to the vibratory stimulus. The response of 
the biceps, triceps brachii and flexor carpi ulnaris was greater at an elbow angle of 60° 
and 180°, but less at 90°, 120° and 150°. 
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From the aforementioned findings, it is clear that vibration stimulation imposes 
hyper-gravity activity in the muscle as a result of high accelerations. The mechanical 
action of the vibratory stimulus produces short and fast changes in the muscle-tendon 
complex. These, in turn, are detected by the sensory receptors that modulate muscle 
stiffness through reflex muscular activity in an attempt to reduce the vibratory 
stimulation, as stated by Cardinale and Bosco (2003:4).  Other biomechanical 
parameters coupled with force application and spatial positioning of relevant 
anatomical structures determine the degree of muscle activation in response to 
vibratory stimulation.  
 
It follows that the aforementioned factors would also determine the relevant muscular 
hypertrophy or atrophy with subsequent strength and performance gains. The training 
programme should therefore take these factors into consideration when prescribing 
relevant exercises on existing whole body vibration equipment. For the purpose of this 
study, these factors have played an instrumental role in whole body vibration exercise 
programme prescription.    
 
2.6.2 Exercise prescription for individuals with asthma 
Vibration training has long been regarded as an effective exercise intervention. 
Cardinale and Bosco (2003:6) concluded that vibration training could not only be used 
as an effective enhancement technique in the neuromuscular performance of elite 
athletes, but vibration therapy could reduce the aging effects of the musculoskeletal 
structures. The effect of vibration training on the hormones in the body provided a 
potential avenue for the application of this mode of therapy in the treatment and 
rehabilitation programmes of certain pathologies. The authors felt that the benefits of 
vibration training could be harnessed to provide long-term vibration exercise 
programmes for different physiological parameters and that safe exercise protocols 
based on individual responses to vibration stimulation should be developed. 
 
Prescription of exercise programmes, as previously mentioned, should focus on 
improvements in cardiorespiratory function, strength and endurance, flexibility, 
neuromuscular and functional training with warm-up and cool-down phases 
incorporated into the programme to ensure continued physical activity by the asthmatic 
person (Hoeger and Hoeger, 2009:291).  
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2.6.3 Warm-up exercises as an essential component of the exercise programme for 
individuals with asthma 
An appropriate warm-up prior to actual exercise should be completed as an effective 
non-pharmacological method for reducing the occurrence of asthmatic exacerbations 
through systematic increase in respiratory and circulatory requirements (Erhman et al., 
2003: 375). Hoeger and Hoeger (2009:193) wrote that the aim of the warm-up is to aid 
in the transition from rest to exercise.  Earle and Baechle (2004:271) stated that an 
increase in body temperature following a warm-up produces an increase in the muscle 
blood flow and sensitivity of nerve receptors, thereby serving to increase the speed of 
nerve impulse transmission. Warm-up also functions to increase the dissociation of 
oxygen from haemoglobin and myoglobin resulting in improvements in 
ventilation/perfusion ratios (Earle and Baechle, 2004:271). Studies have shown that a 
warm-up at approximately 60% of maximal oxygen consumption can significantly 
decrease post-exercise bronchoconstriction in moderately trained athletes (Erhman et 
al., 2003:375). Hoeger and Hoeger (2009:193) suggested that participants should 
perform a warm-up and cool-down exercise prior to, and after each session for 
durations of ten to 15 minutes of continuous exercise.  
 
In accordance with the aforementioned literature, this study utilised a warm-up 
comprising mild stretching for a cumulative duration of three to five minutes. Hoeger 
and Hoeger (2009:264) emphasised the importance of three to five minutes of 
stretches prior to beginning steady activities such as walking, cycling or jogging, and 
the implementation of stretches by this study is rationalised by their findings (Hoeger 
and Hoeger, 2009:193). According to these authors, mild stretching exercises serve to 
increase the extensibility of the muscles and connective tissue, extend joint range of 
motion and enhance muscular activity in preparation for vigorous aerobic or strength 
training exercises. In this study, the muscles stretched during the warm-up phase of 
the exercise programme included the hamstring muscle group, the quadriceps femoris 
muscle group, the gastrocnemius muscle group and the pectoral muscles, thereby 
preparing large muscle groups for whole body exercises. 
 
2.6.4 Aerobic exercise prescription beneficial in the improvement of cardiorespiratory 
fitness in the asthmatic population 
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Aerobic exercise is synonymous with the terms cardiovascular or cardiorespiratory 
exercise, which refers to exercise which involves the cardiovascular and 
cardiorespiratory systems including the heart, blood vessels and lungs (Earle and 
Baechle, 2004:400). 
 
2.6.4.1 Whole body vibration training as a modality to improve cardiorespiratory 
function 
In this study, the effect of whole body vibration on pulmonary variables was 
considered for people with asthma on the grounds that the usage of whole body 
vibratory stimulation on the muscles of the body would develop strength and 
endurance. Although the respiratory system, and consequently, the baseline lung 
capacities and volumes are largely insensitive to aerobic training effects as found by 
Neder, Nery, Silva, Cabral and Fernandes (1999:202-206), improvements in 
muscular capillarisation, oxidative capacity, muscular strength and cardiocirculatory 
adjustments are likely to occur. Hence, improvements in the aforementioned factors 
could improve the overall functionality of the auxiliary respiratory muscles, 
particularly the abdominal and intercostal muscles, thereby increasing the 
cardiorespiratory fitness level of the person with asthma.  
 
In accordance with the above findings, Milgrom and Taussig (1999:1-5) reported that 
the mechanism by which aerobic conditioning improves the incidence of asthmatic 
exacerbations during the performance of physical activity and the control of the 
existing asthmatic condition, lies in the reduction of ventilatory requirements for any 
given activity. Worsnop (2003:421-422) maintained that aerobic training by mild 
asthmatics could increase fitness as measured by peak VO2 and anaerobic 
threshold, as well as improve the ventilatory capacity, and reduce dyspnoea 
associated with exertion. According to Worsnop (2003:421-422), people with asthma 
have been shown to have reduced peak O2, not because of ventilatory limitation 
from their asthma, but because of a reduction in fitness. The level of aerobic fitness 
in people with asthma has been found to correlate with their general level of activity, 
rather than indexes of asthma severity such as expiratory flow rates or bronchial 
hyper-reactivity.  
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Howley and Franks (2003:335) stated that aerobic training could be accomplished 
by the performance of rhythmic, dynamic exercise incorporating large muscle 
activity. The ACSM (2006:206) recommended the performance of aerobic exercise 
three to seven days a week for a duration of 30 to 45 minutes per session.  The 
intensity of the aerobic training, as prescribed by Earle and Baechle (2004:530) 
should be intermittent exercise of at least ten minutes, with interspersed rest periods 
to avoid the onset of exercise-induced asthma. These authors also felt that the 
perceived rating of exertion should be maintained within the range of 11 to 13 on the 
Borg scale with continuous monitoring for dyspnoea.  
 
Insufficient research is available on the effect of whole body vibration on aerobic 
capacity and hence cardiorespiratory fitness, but similarities may be drawn between 
vibration training as a mode of exercise and the more conventional forms of aerobic 
training, namely running, cycling and swimming. A number of studies have been 
conducted to determine the effects of aerobic exercise training in the form of running, 
cycling and swimming on the improvement of cardiovascular conditioning in people 
with asthma.  
 
2.6.4.2 Running as a stimulus for cardiorespiratory improvements 
Running has long been regarded as an effective stimulus for aerobic improvements 
according to Hoeger and Hoeger (2009:283) as it is based on a natural, easy and 
safe movement pattern that requires no expensive equipment. However, running has 
also been known to provoke exercise-induced asthma. As a result, Tancredi, 
Quattrucci, Scalercio, De Castro, Zicari, Bonci, Cingolani, Indinnimeo and Midulla 
(2004:569-574) compared the 3-minute step test with treadmill exercise for 
evaluating exercise-induced asthma in asthmatic children. The aim of the study was 
to determine whether responses to both tests were influenced by baseline lung 
function and habitual physical activity. Each participant was required to undergo a 3-
minute step test and treadmill test on different days of the week at least 24 hours 
apart. Prior to and on completion of testing, each participant’s baseline forced 
expiratory volume in one second (FEV1) was measured by means of spirometry. The 
lowest FEV1 recorded over time was then used to calculate the fall in FEV1 
expressed as a percentage of the measured pre-exercise (baseline) value 
(percentage fall in FEV1) and the area above the FEV1 curve expressed as a 
 31 
percentage of the pre-exercise value.  The results of this study concluded that in 
all subgroups defined by habitual physical activity, the mean percentage fall in FEV1 
decreased more after treadmill exercise than after the step test. Baseline lung 
function and habitual physical activity therefore had no influence on the amount or 
duration of exercise-induced asthma experienced during the exercise modality. 
 
Similarly, Godfrey, Silverman and Anderson (1975:893) conducted a study to 
ascertain the effects that variations in intensity and duration of treadmill exercise had 
on exercise–induced asthma. This study was based on the theory that asthmatic 
people find it difficult to participate in exercise involving running for several minutes, 
but are able to complete bouts of intermittent exercise. The study aimed to compare 
the effects of free running, treadmill running and cycling in people with asthma. The 
various modes of exercise were performed for six minutes at similar metabolic rates. 
The results of the study determined that treadmill running produced a greater amount 
of post-exercise bronchoconstriction when compared to other forms of exercise. The 
severity of post-exercise bronchoconstriction depended on the rate and duration of 
work performed on the treadmill.  Bronchoconstriction was negligible after a run of 
only one minute, but increased with increases in the duration of exercise. A 
maximum response was found at six minutes of uphill slope (gradient of 10%) 
running at a speed of 5kmph (3mph). Exercise lasting longer than six minutes 
produced no further increases in post-exercise bronchoconstriction. Similar research 
showed that longer tests often produced less broncoconstriction in comparison to 
shorter tests (Godfrey et al., 1975:893).   
 
Fitch (2001:904) observed that a large number of exercising asthmatics exhibit an 
inferior motor coordination with resultant poor running style which was a contributing 
factor in lowering the recorded values of physical work capacities. This finding could 
contribute to the increase in exercise-induced asthma and asthmatic exacerbations 
experienced when comparing treadmill running, treadmill walking, cycling and 
swimming.  
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2.6.4.3 Cycling as a stimulus for cardiorespiratory improvements 
Cycling as a mode of aerobic exercise was effective in producing improvements in 
cardiorespiratory fitness due to the large muscle mass required to perform the 
activity, the increases in work efficiency, and the relative ineffectiveness in inducing 
asthmatic exacerbations (Eggleston (1975:899).  
 
The effectiveness of exercise on a cycle ergometer has been under significant 
investigation in the past. Neder et al., (1999:202-206) conducted a study in which 
asthmatic participants were required to complete a two-month indoor aerobic training 
programme on a cycle ergometer. The sessions were performed thrice weekly with 
individualised target heart rate initially corresponding to the anaerobic threshold. 
Systematic increases were incorporated every two weeks to a target heart rate 
intensity which enabled the participants to sustain the full duration of 30 minutes. As 
a precautionary measure, bronchodilators were administered 10 minutes prior to 
training. Neder et al., (1999:202-206) structured the training programme to include 
10-15 minutes of callisthenics and stretching warm up exercises, 30 minutes of 
continuous aerobic activity on a cycle ergometer, and a five minute cool-down. The 
results of this study showed that the more physically unfit the asthmatic patient was 
prior to participation in the study, the more he/she was able to normalise the 
predetermined aerobic fitness with the supervised training programme without 
clinical complications. This study also indicated an association between aerobic 
improvement and a reduction in the use of inhaled and oral steroids (Neder et al., 
1999:202-206).  
 
Supplementary to the above research, van Veldhoven, Vermeer, Bogaard, Hessels, 
Wijnroks, Colland and van Essen-Zandvliet (2001:360-370) implemented a 
randomised pre-test/post-test intervention study conducted over a period of three 
months in which asthmatic patients were required to participate in regular group and 
home exercises. The results of this study showed meaningful effects of the 
intervention programme on their physical condition with significant improvements 
obtained on the maximal workload (Wmax) (p < 0.001), of 7% for VO2max (oxygen 
uptake) (p = 0.002) and a significant decrease in the heart rate submaximal of 6% (p 
= 0.001). In addition to these findings, significant improvements of 50% in running 
time, measured with the endurance test (p = 0.021), were obtained. Further 
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significant effects of the intervention were seen in respect of the ability of the 
participants to cope with this chronic condition (p = 0.003). Van Veldhoven et al., 
(2001:360-370) concluded that participation in the physical exercise programme not 
only enhanced physical fitness, but also improved coping behaviour with asthma. 
 
Despite all the advantages that cycling may provide to the asthmatic person, 
Eggleston (2001:899) found that the major limiting factor experienced with this form 
of exercise was thigh fatigue and pain rather than generalised exhaustion, which 
resulted in the termination of the exercise session prior to target heart rate being 
achieved.  Fitch (2001: 904), however, wrote that cycling might be comparably 
effective as adjustments to the resistance of the braking system and pedal speed 
rates could decrease the premature fatigue and muscle pain often experienced 
during cycle training. Cycling could therefore be an effective mode of exercise in 
improving aerobic fitness in persons with asthma. 
 
2.6.4.4 Swimming as a stimulus for cardiorespiratory improvements 
Swimming training was found to be beneficial for improvements in aerobic function 
as it incorporated almost all the large muscle groups of the body, thereby providing 
an excellent training stimulus for the heart and lungs (Hoeger and Hoeger, 
2009:285). The study conducted by Matsumoto, Araki, Tsuda, Odajima, Nishima, 
Higaki, Tanaka, Tanaka & Shindo (1999:196) substantiated this claim, reporting that 
a six-week swimming training programme should have beneficial effects on the 
aerobic capacity of participants with asthma. According to Weisgerber et al., 
(2003:457) swimming has the ability to improve cardiorespiratory fitness and physical 
conditioning through increases in maximal oxygen consumption (VO2max), higher 
work capacities and increases in external work at a given heart rate. Improvements 
in respiratory parameters included decreased minute ventilation (VE) at a given 
submaximal exercise workload, increased maximal voluntary ventilation, a decrease 
in dyspnoea index, and decreased breathlessness.  
 
According to Rosimini (2003:248), these noted improvements could be attributed to a 
lower asthmogenicity (“the ability to produce asthma exacerbations”) experienced 
during swimming. Several factors may contribute to this lowered asthmogenicity, as 
follows:  
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- air humidity above the water during swimming training may reduce 
respiratory heat loss and decrease the osmolarity of airway mucus, thereby 
decreasing the prevalence of exercise-induced bronchospasms (Weisgerber et 
al., 2003:457) 
- spatial orientation within the water results in peripheral vasoconstriction which 
increases central blood flow, hence improving gas diffusion and ventilation 
perfusion matching and reducing asthmatic exacerbations (Rosimini, 
2003:248) 
- hypoventilation and hydrostatic influences of swimming produce increases in 
alveolar CO2,  which stimulates bronchodilation and bronchial blood flow. The 
latter serves to increase interval lengths between breaths and improved 
oxygen extraction, thereby reducing the expiratory effort (Rosimini, 2003:248).  
In a ten-week supervised indoor swimming rehabilitation programme conducted by 
Emtner, Herala and Stålenheim (1996:323-330), results indicated an improved 
cardiovascular condition measured as a decreased heart rate, a 2.2 to 2.5L increase 
in forced expiratory volume (FEV1) and an increase in forced expiratory flow at 25% 
of vital capacity. Participants were able to perform training at a high intensity - 80% 
to 90% of their predicted maximal heart rate - without the occurrence of asthmatic 
exacerbations or exercise-induced bronchospasms (Emtner et al., 1996:323-330). 
Weisgerber et al., (2003:451) found that swimming had the ability to improve 
respiratory function due to increased maximum voluntary ventilation and hence effect 
cardiovascular fitness improvements, but benefits were dependant on the frequency 
and duration of the training, namely the more swimming training was completed, the 
more benefits could be derived from the mode of exercise.  
 
2.6.4.5 Transference mechanism of whole body vibration versus aerobic exercise 
modalities 
The principle of specificity applies to aerobic endurance training as well as resistance 
training. Earle and Baechle (2004:400) explained that training which involves one 
mode of aerobic exercise will not guarantee equal improvements in respect of a 
different aerobic exercise mode; for example, the achievement of a high level of 
aerobic conditioning through cycling will not guarantee the same aerobic 
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performance, measured as peak VO2max capability, during running.  The reason for 
this, they wrote, is that since the muscle activation patterns and oxygen requirements 
of various aerobic modalities are not equal, neither is the response to the various 
training modalities. 
 
Welsh et al., (2005:129) concurred in their findings that peripheral adaptations, which 
refer to muscular adaptations, were more specialised to the mode of exercise 
undertaken, and thus limited the amount of transfer that might otherwise have 
occurred between various modes of training. The main problem, as discovered by 
Welsh et al., (2005:129), was two-fold in that not only would the effectiveness of the 
training modality be masked if tested by another mode of exercise, for example, 
efficiency of running tested on a cycle ergometer, but secondly, that asthmatic 
persons might experience exercise-induced bronchospasms during a certain mode 
of exercise, while asthmatic exacerbations could be minimal during another form of 
training. The above findings explained the research by Fitch (2001:904) which 
concluded that the frequency and magnitude of exercise-induced asthma produced 
by running was not altered by regular swimming training. Hence, Fitch (2001:904) 
recommended a combination of modalities for the asthmatic person to ensure an 
increase in cardiovascular benefits and a subsequent reduction in asthmatic 
exacerbations and bronchospasms experienced during participation in exercise.  
 
Whole body vibration training incorporated into this study (and as used in the study 
by Rittweger, Beller and Felsenberg, 2000:140-141), required the participant to stand 
on a vibrating platform, thereby allowing him to receive vibratory exposure 
throughout the entire body. All exercises performed by the participants in this 
research study involved the performance of slow, voluntary movements, 
incorporating both upper body and lower body musculature, thus satisfying the 
requirements as laid out by Howley and Franks (2003:335) that aerobic exercise 
performed by pulmonary patients should consist of a combination of arm and leg 
exercises with rhythmic, dynamic movement.  It follows that the performance of 
whole body vibration training would eliminate the need to complete a combination of 
aerobic exercise modalities, which could be time-consuming and require indoor 
exercise facilities. 
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2.6.4.6 Comparative aspects of whole body vibration training and conventional 
aerobic modalities 
Roelants et al., (2003:1-5) found that most sedentary people would not immediately 
be attracted to intense physical activity. Similarly, people with asthma who are prone 
to the development of exercise-induced asthmatic exacerbations would avoid intense 
exercise to prevent the onset of asthmatic symptoms. According to Roelants et al., 
(2003:1-5), whole body vibration training might reduce their reluctance to start an 
exercise programme as the former initiates muscle activity, partly reflexively. In 
adjoining research, Roelants, Delecluse and Vershueren (2004:908) emphasised the 
importance of whole body vibration as a means of future exercise, as this modality 
minimised the need for conscious exertion and stress on the musculoskeletal, 
respiratory and cardiovascular systems.  
 
Debusk, Stenestrand, Sheehan and Haskell (1990:1010) reported that conventional 
exercise training sessions of 20 minutes duration, comprising intermittent bouts of 
moderate intensity exercise, were sufficient to improve functional capacity and 
hence, cardiovascular fitness. They also found that multiple short bouts of moderate 
intensity exercise increased peak oxygen consumption by 57% in comparison to 
single long bouts of exercise of the same total duration.      
 
The research mentioned in the previous paragraph was found to be relevant to this 
whole body vibration training study, as the sessions incorporated into the study itself 
comprised 20 to 30 minutes of multiple short bouts of moderate intensity intermittent 
exercise, interspersed with rest periods to avoid the onset of exercise-induced 
asthmatic symptoms as suggested by Debusk et al., (1990:1010) and expanded 
upon by Howley and Franks (2003:335). The benefits of whole body vibration training 
also included the reduction in time needed to complete a full vibration training 
programme, as endurance and resistance training were completed simultaneously. 
Roelants et al., (2003:1-5) ascertained that strength gains obtained in response to 
vibration training were comparable to increases following a standard fitness training 
programme consisting of cardiovascular and resistance training.   
 
As previously stated, the main concerns with running were the inferior motor 
coordination and resultant poor running style confirmed by Fitch (2001:904), which 
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may have contributed to a lower physical work capacity and an increase in 
exercise-induced asthma, and the asthmatic exacerbations experienced. Similarly, 
the major limiting factor experienced with cycling was thigh fatigue and perceived 
pain, rather than generalised exhaustion as determined by Eggleston (2001:899). 
This resulted in the termination of the exercise session prior to target heart rate being 
achieved. Research conducted by Rittweger et al., (2000:140-141) found that 
subjects became more rapidly acquainted with the whole body vibration exercise 
session in comparison to the conventional training session. Delecluse et al., 
(2003:1040) proved that whole body vibration training could become an effective 
mode of training for the asthmatic person, as participants did not experience 
exhaustion during the training sessions, because the vibration therapy served to elicit 
involuntary muscle contractions. In spite of the fact that no strenuous training 
exhaustion occurred, strength gains in relatively short periods of time with limited 
effort on the part of the participants were obtained. 
 
Additional complications outlined by Earle and Baechle (2004:412) for the 
performance of conventional aerobic modalities were that outdoor running, cycling 
and swimming were all weather-dependant unless the asthmatic person made use of 
expensive indoor facilities. According to Worsnop (2003:421-422), potential problems 
associated with the aforementioned included the lack of time or motivation arising 
from other co-existing obligations, the expense of participating in the activity in an 
indoor facility since extreme weather conditions were not conducive to these training 
modalities, and the subsequent additional transportation costs involved. In addition, 
Weisgerber et al., (2003:451) found that most people, particularly asthmatic children, 
were not advanced swimmers and this might also act as a limitation. Since 
beginners’ swimming training could be perceived as less vigorous, advanced 
swimming training would be more likely to produce improvements in conditioning and 
possibly in asthma symptoms. 
 
In the light of these findings, whole body vibration training used in this study was 
designed to eliminate all the abovementioned detrimental influences as the exercise 
session was performed in a controlled environment indoors under the direct 
supervision of a trained biokineticist or biokinetics postgraduate student. This last 
factor ensured that all participants performed all the exercises incorporated into the 
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session correctly, safely and at an optimal intensity level in order to achieve health 
related benefits.  
 
According to Rosimini (2003:248), the main benefit derived from swimming is the 
peripheral vasoconstriction through spatial orientation within the water, which served 
to increase central blood flow. This, in turn, produced improvements in gaseous 
diffusion and ventilation perfusion matching, thus reducing asthmatic exacerbations. 
Two studies have previously been conducted on the effect of whole body vibration on 
cardiovascular and respiratory responses. The study by McCloskey, Matthews and 
Mitchell (1972:625) found that with rhythmic vibratory exercise, which presumably 
increased muscle spindle activity, ventilation and heart rate increased while blood 
pressure altered variably. Similarly, Rittweger et al., (2000:140) established that 
vibration training consisting of slow, voluntary movements produced a reduction in 
diastolic blood pressure while heart rate and systolic blood pressure were higher in 
comparison to pre-exercise values. Rittweger et al., (2000:134) also reported the 
development of an itching erythema over the activated muscles in approximately half 
the participants, with an increase in cutaneous blood flow. Hence whole body 
vibration training elicits mild cardiovascular exertion, similar to that experienced 
during the performance of conventional aerobic modalities.  
 
2.6.5 Resistance training programme essential for maintenance of muscular strength 
in asthmatics 
Resistance training, also referred to as strength training and weight training as defined 
by Brukner and Khan (2007:741), involves the voluntary activation of specific skeletal 
muscles against the application of an external resistance such as free weights, own 
body-weight, or various other exercise modalities. Pollock, Gaesser, Butcher, Després, 
Dishman, Franklin and Garber (1998:976) emphasised the need to integrate resistance 
training in an adult fitness programme of an adequate intensity to enhance strength, 
muscle endurance and maintain fat-free mass.  
 
Winett and Carpinelli (2001:503) wrote that regular performance of resistance training 
may result in profound effects on the musculoskeletal system, thereby contributing to 
the maintenance of functional abilities, prevention of osteoporosis and sarcopenia with 
their accompanying falls, fractures and disabilities. Roth, Ivey, Martel, Lemmer, 
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Hurlbut, Siegel, Metter, Fleg, Fozard, Kostek, Wernick and Hurley (2001:1428) 
concluded that a decline in functional ability and health status often occurred due to 
sarcopenia, a condition in which muscle mass is lost with advancing age. These 
authors conducted an investigation to examine the possible influences that advancing 
age and gender might have on muscle volume and responses to strength training. A 
six-month whole body strength training programme that focused on exercise of the 
major muscle groups of the upper and lower body was implemented three times a 
week. The results indicated that thigh and quadriceps muscle volumes increased 
significantly in all age and gender groups in response to the implementation of a 
strength training programme. 
 
Despite the fact that age and gender did not influence strength training effects, 
specificity of training did apply. Specificity of training, as defined by Earle and Baechle 
(2004:91), refers to the body’s ability to make adaptations that uniquely enhance the 
performance in activities that are most similar to the exercise stressor. In other words, 
training the legs will have little or no effect on the arms, shoulders or trunk according to 
Pollock et al., (1998:982). As early as 1987, research by Pollock, Foster, Knapp, Rod 
and Schmidt (1987:725-731) proved the abovementioned theory by conducting a ten-
year follow-up on master runners undergoing a training regimen that included no 
upper-body conditioning exercises. The results of this study showed the maintenance 
of VO2max and a two-kilogram reduction in fat-free mass, but a significant reduction of 
muscle mass in the untrained areas.  
 
Based on the above research, specificity of training was further addressed by Graves, 
Pollock, Jones, Colvin and Legget (1989:84-89) to determine whether a full range of 
motion should be completed during resistance training to obtain maximum benefit. 
Bilateral knee extension through various ranges of motion was performed by four 
groups. Group A performed the first half of the range of motion while group B 
performed the second half. Group AB performed the exercise through the complete 
range of motion and the control group remained untrained. The results indicated that 
training was specific to the range of motion through which the exercise was performed, 
with group AB obtaining the best full range of motion effect. Clearly, resistance training 
applies only to the area of the body being trained and therefore whole body resistance 
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training performed through the full range of motion should be incorporated into the 
exercise programme for optimal effect. 
 
Powers and Howley (2001:253) defined muscular strength as the maximal force that a 
muscle or group of muscles can generate and which may be expressed in terms of one 
repetition maximum (1RM), while muscular endurance refers to the ability to perform 
repeated contractions against a submaximal load. Hoeger and Hoeger (2009:217) 
noted that muscular strength and endurance is best developed by the overload 
principle, which refers to a training concept in which the demand placed on a system 
(such as the cardiorespiratory or muscular system) must be systematically and 
progressively increased over time to produce physiological adaptations. These authors 
suggested that the best method for developing muscular strength was the application 
of a higher resistance through heavier weights and fewer repetitions which require the 
development of maximum or near maximum tension, while muscular endurance, on the 
other hand, may be optimally developed through the application of lighter weights with 
a greater number of repetitions.  
 
This being the case, the rationale behind incorporating a progressive increase of 
resistance training intensity in this study was sound, as an overload was provided each 
week in order to achieve subsequent strength and endurance gains. In a similar 
manner, and in line with the above-mentioned overload principle, the asthmatic 
patient’s cardiorespiratory system was taxed sufficiently for increases in 
cardiorespiratory and aerobic fitness to have occurred. 
 
Research indicates that virtually all resistance training benefits may be obtained by the 
completion of 15 to 20 minute resistance training programmes completed twice a week 
as recommended by Winett and Carpinelli (2001:503). These authors emphasised that 
resistance training should consist of precise controlled movements that incorporate 
each major muscle group without the necessity of applying a heavier resistance. This 
statement is consistent with the literature by Clark (in Durstine & Moore, 2003:110), 
which asserts that resistance training should be completed to fatigue on two to three 
days of the week, with each resistance exercise performed at a rate of eight to 12 
repetitions and repeated at least once or twice for an effective overall conditioning of 
the major muscle groups.  
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In accordance with the literature mentioned above, the exercise programme 
incorporated into this study consisted of resistance training in the form of dynamic, 
controlled movements involving all major muscles of the body, completed either with or 
without vibration stimulation.  
 
De Marco et al., (2005:95) pointed out that previous studies determined the existence 
of gender differences with regard to occurrence and diagnosis of asthma. Thomsen et 
al., (2006: 232) noted a strong female prevalence in affliction to asthma and reported a 
greater incidence rate for females than for males in the age group 20 to 44 years. In 
fact, Thomsen et al., (2006: 232) reported results from an Australian study which 
demonstrated different genetic models derived for the two sexes which emphasised 
that the phenotypic expression of asthma in females is under genetic control, whereas 
genetic predisposition remains less dominant in males. Research by Cullinen and 
Caldwell (1998:414) examined the effects of a resistance training programme on the 
resting metabolic rate, fat-free mass, strength and dietary intake of untrained young 
women. A 12-week moderate-intensity progressive resistance weight training 
programme was conducted. Two supervised sessions per week with six different lifting 
exercises per session were completed by the research participants. Results indicated 
that a moderate-intensity resistance training programme increased the fat-free mass 
and decreased body fat in normal weight young women. Favourable changes in body 
composition without dietary restrictions were obtained, but resting metabolic rate 
remained unchanged.  
 
The above-mentioned research provides the platform for implementation of resistance 
training into the exercise programme for the asthmatic person. Females in particular 
should perform resistance exercises to increase fat-free mass and lower body mass 
index thereby reducing the prognosis for the development of the condition.  
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2.6.5.1 Resistance benefits derived from whole body vibration training 
Issurin, Liebermann and Tenenbaum (1994:561) wrote that the use of superimposed 
vibration in dynamic strength training offers an attractive means of achieving further 
gains in muscular strength. They also found that vibratory stimulation may provoke 
force enhancements due to the neuromotor effects induced by the vibration.  
Vibratory waves stimulate the muscle spindles which activate a large portion of the 
previously inactive motor units, thus producing a contraction response. The authors 
felt that this process resulted in a more effective use of the force production potential 
of the muscle groups involved. 
 
Necking, Lundström, Lundborg, Thornell and Fridén (1996:99-103) showed that 
short-term vibration exposure produced changes in the morphological properties of 
skeletal muscles. The percentage of centrally located nuclei significantly increased 
following exposure to vibration stimulation, as did the existing size of the muscle 
fibres.  
 
Issurin et al., (1994:564) discovered that muscle tension development increased with 
resultant increases in frequency and neural input into the muscles. The maximum for 
isometric and concentric contraction occurred within the range of 40 to 50 pulses per 
second, which corresponds with a frequency of 44Hz. Similarly, lower frequencies of 
20Hz produced no increases in the force generation capability of the skeletal muscle. 
This finding was confirmed by Samuelson, Jorfeldt and Ahlborg (1989:24) who 
concluded that the magnitude of the tonic vibration reflex produced appeared to be in 
direct relation to the vibratory frequency. These authors also found, together with 
Issurin et al., (1994:564), that frequencies below 40Hz produced a tendency toward 
an autogenic inhibitory effect during application of the vibration directly to the muscle 
belly.  
 
McBride, Pocari and Scheunke (2004:777) ascertained that the application of 
vibration on an active muscle resulted in a shift in neuromuscular recruitment 
patterns producing excitatory postsynaptic potentials. These polysynaptic pathways 
stimulated the motor units within the skeletal muscle receiving vibration stimulation. 
McBride et al., (2004:777) summarised that vibration in both static and dynamic 
movements showed EMG amplitude remained constant with concurrent increases in 
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muscle power output, transient muscle power increases, and enhanced strength. 
The increase in the above-mentioned factors resulting in improved neuromuscular 
efficiency contributed to neuromuscular adaptation, thus producing strength 
enhancements. McBride et al., (2004:780) stated that, although vibration produced 
alterations in muscle activity with resistance exercise, the implications of the altered 
muscle activity remained unclear. They found that vibration resulted in the ability to 
maintain the recruitment of high-threshold motor units, thereby allowing for a higher 
force/EMG ratio. Thus, the potential for maintaining recruitment of high-threshold 
motor units during the performance of fatiguing exercises with the assistance of a 
high resistance protocol involving vibration may provide a synergistic affect for 
increasing muscular strength with training. 
 
Evidence derived from the above research shows that vibration stimulation of the 
skeletal muscle may provide possible means for the enhancement in muscle strength 
gain.  Thus, regular participation in whole body vibration training programmes 
incorporating resistance training provides a means for the patient with asthma to 
improve functional strength and endurance while reducing exercise-induced 
asthmatic exacerbations. 
 
2.6.6 Flexibility benefits and the asthmatic exercise programme 
Flexibility is defined by ACSM (2006:85) as the ability to move a joint through the full 
range of motion. Similar to the specificity principles of muscular strength gains, joint 
flexibility gains are limited to the joint being stretched.   Fatouros, Taxildaris, 
Tokmakidis, Kalapotharakos, Aggelousis, Athanasopoulos, Zeeris and Katrabasas 
(2002:112-119) wrote that a joint range of motion depends on bone, muscle and 
connective tissue integrity as well as the presence of pain and ability to produce an 
adequate amount of muscle force.  
 
Brukner and Khan (2007:183) stated that the aim of stretching is to attain a normal 
range of motion of the joint and to increase mobility of the surrounding soft tissue 
structures. Corbin, Welk, Lindsey and Corbin (2003:149) wrote that three varying forms 
of stretching exist. Ballistic stretching, as described by Hoeger and Hoeger (2009:508), 
refers to a force of momentum acting on a body part that elicits stretching of the 
muscle. This type of stretch is typically achieved through the actions of bouncing, 
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swinging or jerking. Proprioceptive neuromuscular facilitation (PNF) refers to the 
second form of stretching. According to Hoeger and Hoeger (2009:513), PNF is 
characterised by a pre-contraction of the stretched muscle followed by contraction of 
the antagonist muscle during the stretch. The third form of stretching, as explained by 
Corbin et al., (2003:149) is a slow stretching of the muscle called static stretching.  
 
Tortora and Grabowski (2003:313) felt that static stretching should be the stretch of 
choice for most people as it involves slow sustained stretching that holds the muscle in 
a lengthened position for certain durations of time. Flexibility exercises incorporated 
into the exercise programme should be performed for 15 to 60 seconds of sustained 
stretching to optimize the flexibility benefits achieved. According to the ACSM 
(2006:85), a number of variables including distensibility of the joint capsule, adequate 
warm-up, and muscle viscosity affect flexibility. For this reason, Brukner and Khan 
(2007:184) recommended that stretches should only be moved through the available 
range of motion with the assistance of gravity.   
 
Pollock et al., (1998:984) described the process of increasing tendon flexibility as two-
fold. Firstly, increased tension in the musculotendinous unit of the muscle is detected 
by the Golgi tendon organs and muscle spindles, which are proprioceptors in the 
tendon and muscle respectively. This mechanoreceptor mediated reflex inhibition 
prevents excessive strain injury by inhibiting further agonist muscle contraction and 
inducing relaxation in the antagonist unit. Thus, short-term improvements in flexibility 
may, according to Pollock et al., (1998:984), be accounted for immediately prior to 
stretching. Secondly, the primary effects of stretching may be attributed to the visco-
elastic properties of the tendon. Pollock et al., (1998:984) explained that stretching 
produces a transient increase in the musculotendon unit length resulting from actin-
myosin complex relaxation, with lasting flexibility increases from the alteration in the 
surrounding extracellular matrix.    
 
The ACSM (2006:160) recommend that flexibility exercises be integrated into the 
training programme for the patient with asthma, thereby reducing the chance of 
functional loss due to inflexibility. All flexibility exercises should be preceded by a 
warm-up to elevate muscle temperature, with static stretching of all the major muscle 
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groups. Stretches should be performed three to seven days per week and should be 
maintained below the point of discomfort for 15 to 30 seconds per stretch. 
 
Flexibility, as emphasised by Earle and Baechle (2004:268), is an important aspect of 
any training programme as optimum flexibility serves to eliminate awkward and 
inefficient movement by allowing joints to move through a full normal range of motion, 
thereby reducing the occurrence of age-related loss of axial skeleton mobility. Earle 
and Baechle (2004:268) stated that improving flexibility is essential in enhancing the 
ability to perform various movement skills and provide increased resistance to muscle 
injury.  
 
Fatouros et al., (2002:112-119) wrote that a loss or age-related decline in flexibility not 
only reduces the amount and nature of joint movement but also increases the 
possibility of injury to the muscle crossing the joint juncture or to the actual joint itself. 
They also asserted that the latter deficits in joint function might increase the likelihood 
of alterations in stability and proprioception leading to a deterioration in the ability to 
perform functional activities, with resultant health status implications.   
 
Brukner and Khan (2007:187) explained that the benefits of stretching lay in the ability 
to improve physical performance through improvements in the range of motion of the 
joint. They also found that stretching was beneficial in reducing the delayed onset 
muscle soreness and stiffness that typically occurs after performance of physical 
activity or exercise. Similarly, these authors discovered that regular stretching served 
to decrease the resistance which might be offered by the soft tissues surrounding the 
joint, leading to the possibility of extensibility of the tissues or surrounding structures of 
the joint being exceeded. Thus, increases in flexibility through stretching would be 
beneficial in decreasing the likelihood of inducing injury during activities. According to 
Tortora and Grabowski (2003:313), a flexibility regimen also has the ability to reduce 
the effects of gravitational forces acting on the body, and improper posture due to 
incorrect alignment of soft tissues, and therefore acts to improve and maintain good 
posture. 
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2.6.6.1 Flexibility gains associated with whole body vibration training 
Issurin et al., (1994:564) stated that conventional training emphasised the limitation 
of stretching to the point below the pain threshold, but that during performance of 
stretches with the assistance of whole body vibration, three additional factors should 
be taken into account: apart from the distensibility of the joint capsule and muscle 
viscosity influences on flexibility gains, the increases in pain threshold, blood flow 
accompanied by temperature increases, and relaxation of the stretched muscle 
produced by the vibrations should also be taken into consideration.  
 
Lundeberg, Nordemar and Ottoson (1984:25-44) showed evidence that vibration 
produced analgesic effects on the muscle and tendons immediately during and after 
stimulation from the mechanical vibrations. This statement is consistent with the 
research finding of Issurin et al., (1994:561-565) that elevation of the pain threshold 
was experienced with reductions in pain sensations 10 to 15 seconds after 
application of the vibration during static stretch performance. Muscle vibration 
increases both local blood circulation and temperature, producing additional heat 
within the muscle which enhances its elastic and plastic properties, thereby 
facilitating muscle flexibility.  Issurin et al., (1994:561-565) also found that stimulation 
of the Golgi tendon organs within the muscle tendons produced an inhibitory effect of 
muscle contraction followed by relaxation of the muscle. This process serves to relax 
the muscle, thereby increasing the flexibility potential of the muscle. 
 
Flexibility is generally affected by lack of use, injury or disease which produce a 
decrease in joint mobility according to Corbin et al., (2003:149). As indicated in 
previous studies, there is a prevalence of people with asthma who often avoid the 
performance of physical activity and exercise due to the onset of asthmatic 
exacerbations, and because of this, inflexibility and subsequent loss of joint mobility, 
functional ability and independence may occur. Whole body vibration training should 
therefore prove to be an appropriate form of activity for these people, as a 21-minute 
flexibility session conducted by Issurin et al., (1994:565) produced adequate 
flexibility gains with negligible risks for the development of adverse effects produced 
by the vibratory stimulation.  
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Based on the conclusions arrived at in the above-mentioned literature, the whole 
body vibration programme incorporated in this study was designed to achieve 
adequate flexibility gains in the asthmatic person. The exercise programme included 
stretches for all major muscle groups in the body, particularly the quadriceps femoris 
muscle complex, the hamstring muscle complex, the gastrocnemius muscles and the 
pectoral muscles, thus ensuring all asthmatic participants derived the health benefits 
related to the enhancement of optimal flexibility. 
 
2.6.7 Neuromuscular and functional training in the asthmatic exercise programme 
Neuromuscular training in the form of proprioception and balance exercise as 
described by Brukner and Khan (2007:186), serves as an important component of the 
asthmatic person’s exercise programme to maintain functional ability and to perform 
activities of daily living. These authors wrote that the main benefits that could be 
derived from the performance of regular neuromuscular exercise included 
improvements in balance and coordination, enhancement of joint position sense and 
improvement of reflexes with the performance of general or specific movements.   
 
The ability to balance is influenced by factors such as strength, vision, proprioception, 
flexibility and environmental hazards; thus Howley and Franks (2003:301) 
recommended that balance training, resistance training, walking and weight transfer 
activities be incorporated into the asthmatic person’s exercise programme 
 
Fiatarone, O’Neill, Ryan, Clements, Solares, Nelson, Roberts, Keyhayias, Lipsitz and 
Evans (1994:1769-1775) conducted a study to determine the effect that a ten-week 
resistance training programme had on the functional ability of an elderly population. 
These authors concluded that resistance training not only provoked increases in 
muscular strength but was also accompanied by improvements in functional mobility 
and overall activity. 
 
Research by Vanderhoek, Coupland and Parkhouse (2000:77-83) augmented this 
evidence by demonstrating improvements in balance tests with increases in dynamic 
strength promoted by regular resistance training. Vanderhoek et al., (2000:77-83) 
found that regular performance of resistance training may decrease the incidence of 
falls, thus prolonging independence and improving quality of life.  
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2.6.7.1 Whole body vibration influences on neuromuscular and functional training 
According to the above-mentioned literature, whole body vibration should serve as 
an effective means of improving equilibrium and muscle control because of the 
continuous muscle activity required to stabilise the body during exposure to vibratory 
stimulation. 
 
Roelants et al., (2003:1-5) reported that whole body vibration training had the ability 
to induce an overload on the human body, resulting in both neural and morphological 
adaptations through the increased excitatory state of the neuromuscular system. 
This, in turn, produced an increase in the sensitivity of stretch reflexes with resultant 
enhancements of muscular strength. Stimulation of specific brain areas may also 
trigger the secretion of anabolic hormones which could improve neuromuscular 
function. 
 
This research was consistent with the earlier finding by Ecklund (1972) (in Carlsoo, 
1982:255) which determined the effect of vibration on the equilibrium of the body. 
According to this study, bilateral vibration produced equilibrium disruptions in specific 
leg and trunk muscles. The derangement of equilibrium in these anatomical 
structures was later found to be due to local changes in the tension of stimulated 
muscles and to the action imposed on the supraspinal structures important to 
equilibrium. 
 
Carlsoo (1982:255) established that vibration-stimulation on the participant’s muscles 
influenced the perception of position and motion of the joint upon which the muscle 
acted, thus supporting the notion that in whole body vibration, tonic vibration reflex 
and continuous muscle involvement are involved in stabilisation of the body.    
 
Ribcot-Ciscar et al., (1998:150) reported evidence that the proprioceptive 
contribution to position and movement awareness in response to vibratory 
stimulation is based on its processing by the central nervous system. This system 
detects the muscle afferent activity arising from the lengthening of the agonist 
muscle and the muscles that act as prime movers. Whole body vibration training 
should therefore serve as an effective means of enhancing neuromuscular and 
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functional ability through improvements in equilibrium and muscle control as a 
result of the continuous muscle activity required to stabilise the body during exposure 
to vibratory stimulation.  
 
Therefore, based on the compound evidence derived from the aforementioned 
literature, the conclusion can be drawn that neuromuscular training in the form of 
whole body vibration training, resistance training and flexibility exercises should be 
incorporated into exercise programmes to optimise the health benefits and functional 
ability of the asthmatic individual.   
 
2.6.8 Cool-down exercise as an essential component of the exercise programme for 
individuals with asthma 
Cool–down exercises serve to facilitate the return of the muscle to a near normal 
resting state (Hoeger and Hoeger, 2009:193). This study incorporated cool-down 
stretches for the exercise group and vibratory massage for the whole body vibration 
group with a cumulative duration of five minutes. The rationale behind incorporating 
stretching and vibratory massage in this study is that fatigued muscles tend to contract 
to a shorter resting length, and that stretches and vibration stimulation assist in re-
establishing normal resting muscle length (Hoeger and Hoeger, 2009:257). Earle and 
Baechle (2004:272) reasoned that cool-down stretches performed after training had a 
regenerative effect, thereby restoring resting muscle length and reducing muscle 
spasm. Hoeger and Hoeger (2009:194) maintained that cool-down stretches and 
massage prevented the blood from pooling in the exercised muscles, a circumstance 
that diminishes the return of the blood to the heart and causes a severe decrease in 
blood pressure with dizziness, faintness or cardiac abnormalities. Cooling down helps 
to dissipate body heat and aids in removing lactic acid produced during high intensity 
exercise. 
 
For this reason, the study incorporated cool-down stretches identical in nature to the 
warm-up stretches performed prior to exercise in order to allow large muscle groups to 
return to their resting state. The cool-down massage performed by the whole body 
vibration group targeted the hamstring, quadriceps femoris and gastrocnemius muscle 
groups, thereby replicating the stretching performed by the exercise group. 
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2.7 Pharmaceutical management of asthma 
Pharmaceutical strategies are generally the most frequent mode of intervention in 
providing effective management. The exercise trainer or biokineticist should be aware of 
the various types of asthma medications as well as their side effects and 
contraindications. For the purpose of this research, participants were encouraged to 
continue their pharmaceutical intervention strategies to prevent potential increases in 
asthmatic exacerbations. Nonetheless, a quick acting reliever was on hand in the event 
of an asthmatic exacerbation occurring during performance of physical activity or during 
the exercise session, and measures were put in place for medical assistance to be 
sought in case the medication did not relieve the asthma attack.  
 
Welsh et al., (2005:136) provided the reasoning for the inclusion of medication usage in 
this study. According to these authors, pre-medication with a bronchodilator should 
reduce the asthmatic participants’ limitations to the extent that they are comparable to 
those of a normal non-asthmatic population; this also applies to their ability to enhance 
aerobic fitness. In this study, participants were recommended to continue with the 
medication dosages currently prescribed by their respective medical practitioners. White 
and Foster (2000:100-102) divided the different pharmaceutical medications into the 
following categories: 
 
2.7.1 Beta adrenoceptor stimulants and bronchodilators 
Beta adrenoceptor stimulants and bronchodilators which include Eformotorol fumarate 
(Foradil, Oxis), fenoterol hydrobromide (Berotec), salbutamol (Ventolin), salmeterol 
(Serevent), terbutaline sulphate (Bricanyl, Monovent) and tulobuterol hydrochloride 
(Respacal). These medications function by relaxing the smooth muscle encircling the 
airways thereby producing bronchodilatation, but they have side effects of hand tremor, 
increased heart rate and blood pressure, dizziness and nervousness (White and 
Foster, 2000:100-102).  
 
2.7.2 Inhaled corticosteroids 
Inhaled corticosteroids, which include medications such as Beclometasone (AeroBec, 
Asmabec, Beclazone, Becotide, Qvar), budesonide (Pulmicort), fluticasone propionate 
(Flixotide, Seretide), function by reducing or preventing inflammation, but occasionally 
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cause side effects of hoarseness, oral thrush and dry cough (White and Foster, 
2000:100-102). 
 
2.7.3 Antimuscarinic bronchodilators 
Antimuscarinic bronchodilators medications include Ipratropium bromide (Atrovent, 
Ipratropium Steri-Neb, Respontin), which open airways by blocking nerves that would 
otherwise constrict the airways. These medications may produce side effects of dry 
mouth and coughing (White and Foster, 2000:100-102). 
 
2.7.4 Adrenergic medications 
Adrenergics medications may consist of Theophylline (Lasma, Nuelin, Slophyllin, Theo-
Dur, Uniphyllin Continus) which produce bronchodilatation, but may also cause 
irritability, restlessness, nausea, vomiting, rapid heartbeat, headache or insomnia 
(White and Foster, 2000:100-102). 
 
2.7.5 Oral corticosteriods 
Oral corticosteriods include Methylprednisolone (Medrone) which reduce or prevent 
inflammation, but could also produce fluid retention, increased appetite and, with long-
term medication usage, muscle weakness, easy bruising, high blood pressure, 
depressed immune function, osteoporosis and cataracts (White and Foster, 2000:100-
102). 
 
2.7.6 Leukotriene receptor antagonists 
Leukotriene Receptor Antagonists consist of Zafirlukast (Accolate) and montelukast 
(Singulair) which inhibit the formation or action of inflammatory leukotrienes. These 
medications may, however, produce side effects of headache and nausea (White and 
Foster, 2000:100-102). 
 
2.7.7 Other prescription medications 
To inhibit the release of inflammation-causing chemicals from mast cells, other forms of 
drugs such as Sodium cromoglicate (Intal, Cromogen Easi-Breathe, and Spincaps) 
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may be prescribed. These medications must be taken daily to be effective and could 
produce slight throat irritation and dry coughs (White and Foster, 2000:100-102).  
 
According to Kemp and Kemp (2001: 1345-1346), the abovementioned may be 
classified into two broad categories: long-term control medications and quick relief or 
rescue medication. This classification is important, as long-term control medications 
may be used on a regular basis to prevent asthmatic exacerbations but may not 
provide the immediate relief required by the asthmatic person during the occurrence of 
asthmatic symptoms. On the other hand, quick relief or rescue medications may be 
used for immediate relief of symptoms during an asthmatic exacerbation, but relief 
medication is not recommended as preventative medication. 
 
Reddy (2008:115) stated that once the initial diagnosis had been made and confirmed, 
a variety of pharmacological and non-pharmacological approaches should be 
considered. The use of oral corticosteroids, leukotriene modifiers and antibodies to IgE 
are effective pharmacological interventions for some patients but carry a risk of 
significant adverse effects for other patients. Alternative and complementary or 
unconventional modalities may therefore be considered a mode of treatment according 
to Reddy (2008:115). 
 
2.8 Complementary and alternative management therapies for asthma 
Markham and Wilkinson (2004:132) emphasised the need to identify current 
complementary and alternative medical therapies in use by asthma patients in order to 
recognize the potential benefits, adverse effects and drug interactions, thus enabling the 
practitioner’s differential diagnosis. Research has shown that complementary 
approaches that emphasise breathing exercises and relaxation or which assist physical 
endurance are important adjuncts to the medical treatment of asthma (the “Readers 
Digest’s guide to medical cures & treatments”, 1999:89).  
 
The most common asthma management therapies as classified by Markham and 
Wilkinson (2004:132) include mind-body relationship and relaxation, Buteyko breathing 
techniques, yoga, manual therapies including acupuncture, chiropractics and reflexology, 
as well as nutritional and dietary therapies.  
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2.8.1 Mind-body relaxation 
Freeman and Lawlis (in Markham and Wilkinson, 2004:133) stated that mind-body 
relaxation results in hormone production and an immune response. The study asserted 
that stress and psychosocial factors produced negative changes in the immune 
system’s response to disease, thus producing an increased susceptibility to diseases 
such as asthma. The authors therefore maintained that a reduction in stress and an 
improved control over stress should result in an improved health outcome as well as 
supporting the immune system.  In consensus with this is the research by Freeman 
and Lawlis (in Markham and Wilkinson, 2004:133) who included the abovementioned 
methods in their list of suggested relaxation and stress-reducing methods, but who 
also argued that music, laughter, group support, biofeedback, hypnosis, visualisation 
and meditation might be of use to the asthmatic person in gaining adequate control. A 
systematic review by Huntley, White and Ernst (2002:127) concluded that a lack of 
evidence for the efficacy of relaxation therapies in the management of asthma existed, 
and found that this deficiency was primarily due to poor methodology of studies and 
problems inherent in conducting such trials. However, some evidence exists that states 
that muscular relaxation may improve lung function of patients with asthma (Huntley et 
al., 2002:127). 
 
2.8.2 Breathing techniques 
Buteyko breathing, described by McKeown (2003:xi-xii) refers to the approach 
encompassed by the Buteyko Clinic Method and to instruction based on the work of 
the Russian respiratory physiologist, Professor Konstantin Buteyko. This method 
emphasises three ways of controlling asthma. The first, and most important, is learning 
to breathe through the nose, which serves as the lungs’ natural defence, and this is 
combined with the correct technique for breathing. The second aspect of the therapy 
requires the asthmatic person to live a life that is balanced by proper nutrition, regular 
exercise and relaxation, while the third aspect focuses on the use of preventative and 
relieving asthma medication.  Buteyko emphasised the natural route to the 
improvement of overall health, and although learning and abiding by the technique 
requires personal commitment and an investment of time and energy, it reduces the 
dependence that certain asthmatic patients develop on pharmaceutical drugs.  
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Ritz and Roth’s (2003:710) research on behavioural interventions in asthma 
suggested that breathing exercises are frequently recommended as an adjunctive 
treatment for asthma, but that the physiological rationale of abdominal breathing in 
asthmatic patients is not clear and limited evidence is available on the effect of 
inspiratory muscle training and hypoventilation training on the reduction of medication 
consumption. They conclude that additional research is therefore required on the 
physiological and psychological mechanisms of indiv idual breathing techniques in 
asthma, the generalization of asthma effects on daily life, and the differential effects on 
asthma patients. 
 
2.8.3 Meditation and yoga 
A number of studies, according to White and Foster (2000:104), found that yoga and 
meditation training improve overall well-being, promote greater relaxation, increase 
exercise tolerance and lessen the need for asthma medication. In consensus with this, 
Bhagat (in Markham and Wilkinson, 2004:134) stated that one of the goals of yoga is 
to calm the mind and focus on developing physical, mental, emotional, intellectual and 
spiritual integration, balance and harmony. Moreover, research by Manocha and 
Vedanthan (in Markham and Wilkinson, 2004:134) showed improvements in the quality 
of living and mood in participants in yoga. These improvements, however, did not 
remain significant at the two-month follow-up assessment, which shows that yoga 
exercises may provide some temporary improvements in quality of living.  
 
2.8.4 Acupuncture 
Acupuncture, according to Markham & Wilkinson (2004:134), is an ancient Chinese 
medicine that aims at restoring the ying and yang energies through stimulation of nodal 
points along 12 body meridians, each corresponding with an organ or function. 
Shapira, Berkman, Ben-David, Avital, Bardach and Breuer (2002:1396-1400) averred 
that a balance between the two forces of ying and yang is the key to health 
maintenance, with an imbalance of either force resulting in a state of disease.  
 
Three studies aimed at determining the use of acupuncture as a form of intervention 
for the control of asthma were reported.  Gruber et al., (2002:222-225) analysed one 
application of laser acupuncture in exercise-induced asthma with cold air challenges 
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implemented to illicit asthmatic symptoms, Joos et al., (2000:519-525) studied the 
effect of acupuncture on the immune system, and Shapira et al., (2002:1396-1400) 
considered short term acupuncture in moderate persistent asthma by using a lung 
function test with positive challenge to b2-agonist as a confirmation of asthma. In the 
study by Joos et al., (2000:519-525), significant improvements were seen in the 
general well-being scores as measured by a visual analogue score derived from the 
active versus the sham treatment groups. Gruber et al., (2002: 222-225) found a 
significant reduction in breathlessness with cold air challenge but no concurrent 
significant change in lung function with exercise. Shapira et al., (2002:1396-1400) 
found that a short and intensive course of acupuncture treatment produced no change 
in lung function, bronchial hyperreactivity or patient symptoms. Although this research 
found acupuncture as being non-beneficial to asthma treatment, patients with severe 
asthma might experience favourable effects. In accordance with the aforementioned, 
White and Foster (2000:104) found that acupuncture often leads to significant 
improvements in existing asthmatic symptoms and other long-term lung conditions, 
with a reduction in the need for medication and minimal side effects following 
treatment.  
 
2.8.5 Chiropractics 
According to Freeman and Lawlis (2001:131-139), chiropractic care is not aimed at the 
treatment of disease, but rather the promotion of health and the allowing of the body to 
heal itself. This form of treatment aims to restore the normal nerve function and 
optimise health through adjustments which realign the spine and reduce subluxations. 
Balon, Aker, Crowther, Danielson, Cox, O'Shaughnessy, Walker, Goldsmith, Duku and 
Sears (1998: 1013-1020) reported that manipulation in persons with asthma rests on 
two assumptions: firstly that reflex irritation of somatic and autonomic nerves at the 
spinal and nerve-root levels is caused by vertebral subluxation, defined as a palpable 
restriction of a spinal joint as evidenced by the loss of joint play with resultant 
surrounding muscle pain, tenderness and tightness. The second assumption refers to 
the mechanical and neurological disturbances that may be present. The mechanical 
disturbances are changes in the functioning of the thoracic wall which produce chest 
wall immobility and the resultant impediment of respiration. Neurological disturbances 
refer to the adaptations that take place during an asthmatic exacerbation which result 
in altered airway responsiveness and tone, or alternatively produce neurogenic 
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inflammation resulting in the predisposition to, or inducement of, asthma. Balon et 
al., (1998:1013-1020) questioned whether spinal manipulation would be of benefit in 
the management of mild-to-moderate asthma, but the results suggested that 
chiropractic treatment added no benefits to asthma control; however, problems with the 
use of mean peak flow measurements during the study may have added bias toward 
the recorded findings of no change. 
 
2.8.6 Massage and reflexology 
Soft tissue therapy, also known as massage therapy, is a popular clinical treatment for 
abnormalities such as increased muscle tension or tone, wrote Brukner and Khan 
(2007:147). According to these authors, soft tissue abnormalities may cause pain and 
adverse neuromuscular control. An increase in muscle tone, connective tissue 
thickening and pain-producing or inhibitory trigger points reduce muscle power and 
endurance, resulting in abnormal muscle activation. Soft tissue therapy thereby serves 
to correct the inhibition of healthy muscle activation patterns (Brukner and Khan, 
2007:147) 
 
Brukner and Khan (2007:772) rationalised that massage, with associated postural 
drainage in the form of percussive tapping of the back, clears mucus from the lungs 
and serves to reduce stress and tension, thereby alleviating the muscle tension that 
develops with an asthmatic exacerbation.  
 
Reflexology is a form of massage that claims to relieve tension and treat diseases such 
as asthma by the application of finger pressure to extremities, particularly the feet.  
However, evidence is currently lacking to substantiate the claims made by various 
authors, while the study by Brygge (in Markham and Wilkinson, 2004:134) found non-
significant findings between the active treatment group and sham treatment group for 
pulmonary lung function and peak expiratory flow rates following reflexology. More 
research is therefore needed to substantiate the role of reflexology and massage as 
complementary therapies for asthma. 
 
2.8.7 Nutritional therapy 
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Grant (2004:28) stated that although certain addictives serve to make foods safer to 
eat, some addictives have been connected to allergic reactions such as asthma and 
eczema, as well as behavioural problems. As these disorders are linked to certain 
foods, restricting these foods may serve as adequate treatment (Grant, 2004:11). The 
“Readers Digest’s guide to medical cures & treatments” (1999:89) suggested that 
nutritional therapy should be worked out with the aid of a dietician in order to help 
identify the foods and food additives which serve as triggers in susceptible asthma 
patients. The dietician should prescribe a balanced diet with adequate nutrition that 
also avoids known triggers. High dose supplementation such as beta-carotene, vitamin 
C and E and magnesium are presented as beneficial for asthma patients, but these 
should not be taken without the guidance of a doctor or dietician. White and Foster 
(2000:104), authors of “The herbal drugstore” wrote that a diet low in animal products, 
including egg and dairy products, might serve to improve the person’s asthmatic 
condition significantly. Researchers believe that this occurs due to the increase in 
antioxidants and botanical chemicals which are naturally available in fruits, vegetables 
and grains, and the subsequent reduction in the pro-inflammatory chemicals that are 
abundant in animal foods (White and Foster, 2000:104).   
 
2.8.8 Homeopathy 
Homeopathy prescribes certain naturally occurring substances for the relief of mild 
asthmatic exacerbations. Hayfield (1994:80), author of “Homeopathy: a practical guide 
to everyday health care”, suggested several such which could be used in the non-
pharmaceutical treatment of mild asthma symptoms. 
 
Arsenicum is advocated for the treatment of night-time symptoms that are alleviated by 
walking or sitting upright, but which leave the asthmatic person exhausted following the 
attack. Ipecac is recommended as a treatment for nausea or mucus accumulation that 
cannot be coughed up. Chamomilla is advised for the treatment of irritability, anger or 
tension promoting the onset of asthmatic exacerbations. Pulsatila may be used if a 
normally affectionate and dependant person feels worse in a hot and stuffy room, while 
Nat sulph is preferred if the attacks are triggered by damp weather, cold or exertion, 
and if the asthmatic symptoms occur more frequently in the early hours of the morning.  
However, Hayfield (1994:80) emphasises that if an asthmatic flare-up does not improve 
 58 
within a few minutes after treatment, normal ventilation or pharmaceutical 
medication should be used immediately. 
 
In conclusion, the authors Ng, Wong, Hong, Koh and Goh (2003:748) found that 
complementary and alternative medicines were often used in the treatment of chronic 
illness states that may require long-term and continuing self-care.  Although the study’s 
main focus was to determine the effect of exercise on the pulmonary variables and 
aerobic capacity of the asthmatic person, the effect of certain alternative and 
complementary therapies on the exercise training session needed to be considered 
due to the effects that time of dosage and measured quantity might possibly have had 
on the lung volumes and capacity measured by spirometry during the pre-test and 
post-test session of each of the participants.  
 
Since Fung and Chow (in Shapira et al., 2002:1396-1400) had stated that real 
acupuncture was shown to affect exercise, the effects of possible complementary and 
alternative therapies were also taken into consideration during the test and exercise 
phases of the study. Ng et al., (2003:748) felt that the possibility of toxicity and harmful 
drug interactions in patients who use complementary medicines concurrently with 
conventional western medicines may be of concern to the asthmatic person. The 
above therapies were therefore included in the study in concordance with the research 
by Markham and Wilkinson (2004:132) and Ng et al., (2003:748) that emphasise the 
need to identify current complementary and alternative medical therapies in use by 
asthma patients in order to recognise the potential benefits, adverse effects and drug 
interactions. 
 
2.9 Exercise as a life-long commitment: an educational perspective  
Welsh et al., (2004:862) established that, during childhood and adolescence, the 
asthmatic individual might have physical activity levels comparable to those of non-
asthmatic paediatric populations. Ford et al., (2003:436) found that people with asthma 
tended to limit physical activity, resulting in a de-conditioning process with long-term 
reluctance to engage in physical activity. The differences in physical activity levels 
between asthmatic and non-asthmatic populations may therefore develop from the time 
of maturation from adolescence to adulthood. According to Ford et al., (2003:432-437), 
people with asthma may thus benefit from a better understanding about asthma and 
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physical activity as an ongoing intervention throughout the various developmental 
stages of their lives.  
 
Emtner et al., (1998:539-544) found that asthmatic participants were capable of 
sustaining exercise at a moderate intensity level on a long-term basis without detrimental 
effects. The results of the study indicated a high compliance rate, which demonstrated 
that inactive asthmatic participants who were initially integrated into an exercise 
programme tended to remain physically active. The authors van Veldhoven et al., 
(2001:368) were in agreement with this research and stated that an exercise programme 
as treatment not only enhanced physical fitness but also contributed many other health 
benefits and improvements in psycho-social well-being, as well as a lifelong commitment 
to future well-being. In accordance with this view, Welsh et al.,(2005:136) emphasised 
that prescribed training significantly increased aerobic function and provided an avenue 
for asthmatic children and adolescents to attain normal (non-asthmatic) levels of aerobic 
fitness.  The study by van Veldhoven et al., (2001:368), however, did emphasise that in 
order to maintain a good physical conditioning and to experience related benefits, it was 
important for the participant to remain physically active for an extended period of time. 
 
The benefits derived from exercise participation in the management of asthma were 
considered by Kemp and Kemp (2001:1343). The main problem recognised by these 
authors was the poor compliance rate with traditional pharmacological, complementary 
and alternative management therapies. The principal concerns outlined included the 
frequency and route of pharmacological administration and hence the duration of onset 
by the medication, the medication effects and the risk of side effects as well as the 
financial burden of expensive pharmacological, complementary and alternative therapies. 
These considerations further highlight the advantages of making physical activity an 
essential part of the asthmatic person’s management plan.   
 
2.10 Barriers and adherence benefits of whole body vibration versus conventional 
exercise modalities 
Having asthma should not be a barrier to exercise according to Worsnop (2003:421-422). 
In agreement with this statement, the authors of “Barriers and facilitators to healthy 
physical activity in asthma patients” stated that although persons with asthma often limit 
their normal activity levels due to the occurrence of exercise-induced asthma symptoms, 
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most people felt that being physically active was a good idea (Mancuso et al., 
2006:139). According to these writers, the main barriers to physical activity included 
extreme weather conditions, lack of time and motivation, family and work obligations, 
laziness, the fact that exercise was not a habit, the expense of certain sports, and the 
inconvenience of crowded and poorly ventilated indoor facilities. However, it was felt that 
having a motivated companion who consistently undertook physical activity as well as a 
support structure with regard to performance of physical activity aided the compliance 
with exercise. Their research also found that having a daily physical activity routine at a 
designated time and place served as a facilitator for exercise compliance (Mancuso et 
al., 2006:139).  
 
 Emtner and Hedin (2005:123) emphasised that adherence to short-term supervised 
exercise was fairly good in comparison to long-term, non-supervised exercise regimens. 
Adherence was improved during supervised activities in which the exercise trainer had 
more or less direct influence and control over the exercise process. These authors also 
found that physical activity performed at a moderate intensity level was sufficient to 
maintain good physical fitness. Hence, the trainer, biokineticist or physiotherapist should 
take cognisance of the positive effect of training at a lower to moderate intensity to 
maintain exercise adherence in clients with asthma. 
 
Research conducted by Rittweger et al., (2000:140-141) proved that, in comparison to 
the control group, a greater degree of exercise adherence was achieved by subjects 
participating in the whole body vibration exercise session as the latter rapidly became 
acquainted with this process. Participation times in the conventional training modality 
group were far longer in comparison to the vibration platform group exercise duration, 
resulting in elevated rates of perceived exertion. Vibration training produced levels of 
exhaustion similar to those experienced by the conventional training group after 
completing a 12-minute cycle on the cycle ergometer.  
 
Delecluse et al., (2003:1040) found that participants did not experience exhaustion 
during the training sessions as the vibration therapy served to elicit involuntary muscle 
contractions. Despite no exhaustion, strength gains in relatively short periods of time with 
limited effort on the part of participants were obtained. The authors therefore 
recommended that this form of exercise be implemented to achieve increase in muscle 
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strength in people who are unable to perform intense training programmes or, 
alternatively, do not enjoy participating in standard forms of physical activity.  
 
 Erhman et al., (2003:376) felt that exercise participation should be motivated, but that 
the exercise prescription should simultaneously take into consideration the availability of 
equipment and exercise facilities and the effect of cold air exposure on the development 
of exercise-induced bronchospams.  Relative humidity or presence of air pollution in the 
surrounding environment should also be borne in mind. The participants’ past exercise 
experiences as well as likes and dislikes in respect of various exercise modalities should 
be taken into account during prescription of the relevant programme. 
 
In conclusion, whole body vibration training serves as a potential avenue for the 
participation in a modality of exercise which provides health and fitness benefits without 
eliciting asthmatic exacerbations.  
 
2.11 Summary 
Asthma refers to a chronic inflammatory disease characterised by reversible airflow 
obstruction and airway hyper-responsiveness, produced by common occurring triggers 
(Sims, 2006:264). The neural and immune mediated responses are two fundamental 
approaches underlying the process of an allergic or non-allergic asthmatic exacerbation. 
The diagnosis of asthma is essential in the correct classification of the severity of the 
disease and may be aided by spirometric testing, bronchoprovocation tests and peak 
flow measurements. Conboy-Ellis (2006:25) emphasized the need for asthma therapy to 
use a combined approach of drug therapy and lifestyle changes in an effort to control the 
signs and symptoms of asthma effectively.   
 
Brukner and Khan (2007:827) described the main management methods as non-
pharmacological treatment in the form of exercise, and pharmacological treatment with 
additional usage of complementary and alternative management therapies. Exercise 
management was the focus point of this study, as implementation of effective exercise 
training programmes is necessary to decrease the self-limiting cycle asthmatic patients 
impose upon themselves. The exercise programme should be of moderate intensity to 
reduce exercise-induced asthmatic exacerbations experienced during the performance of 
physical activity. The main aspects that should form part of the asthmatic person’s 
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exercise programme were outlined in the ACSM (2006:206) and included warm-up 
exercises, aerobic exercise, resistance exercise, f lexibility exercises, neuromuscular and 
functional exercises with a cool-down session completing the programme. 
 
According to Roelants et al., (2003:3), whole body vibration training was found to 
encompass benefits such as improvements in muscle strength, flexibility, range of 
motion, bone density and cardiovascular performance. Based on the guidelines outlined 
by the ACSM (Clark in Durstine and Moore, 2003:110), it would appear that a whole body 
vibration training programme would be an ideal form of exercise for the patient with 
asthma as it incorporates the use of large muscle activities, increases flexibility and 
provides a basis for improving balance and neuromuscular control through the 
disruptions it produces in stability. Neural and morphological adaptations in the skeletal 
muscle were also evident in response to vibration stimulation, hence contributing to 
strength and power development similar to resistance training. 
 
Similarities were drawn between the performance of whole body vibration training 
programmes and conventional exercise programmes, and the importance of whole body 
vibration as a means of future exercise was emphasised as this modality minimizes the 
need for conscious exertion and stress on the musculoskeletal, respiratory and 
cardiovascular systems as reported by Roelants et al., (2004:908).  
 
Pharmaceutical management strategies are generally the most frequent mode of 
asthmatic intervention systems. The exercise trainer or biokineticist should be aware of 
the various types of asthma medications as well as their side effects and 
contraindications.  White and Foster (2000:100-102) classified the different 
pharmaceutical medications into sections including Beta adrenoceptor stimulants and 
bronchodilators, inhaled corticosteroids, antimuscarinic bronchodilators, adrenergic 
medications, oral corticosteriods, leukotriene receptor antagonists and sodium 
cromoglicate. 
 
Emphasis was placed on the identification of current complementary and alternative 
medical therapies by Markham and Wilkinson (2004:132), who felt that the practitioner’s 
differential diagnosis was aided by the recognition of the potential benefits, adverse 
effects and drug interactions.  
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The most common asthma management therapies as classified by Markham and 
Wilkinson (2004:132) included mind-body relationship and relaxation, Buteyko breathing 
techniques, yoga, and manual therapies including acupuncture, chiropractics and 
reflexology as well as nutritional and dietary therapies.  
 
Certain existing adherence problems and barriers to exercise participation were 
highlighted, but whole body vibration training was found to be an effective mode of 
training because the supervised, moderate intensity exercise programmes decreased the 
likelihood of inducing asthmatic exacerbations as well as the level of perceived exertion 
required to gain performance enhancements. Participation in exercise was found to 
benefit the asthmatic person, but such a patient would require life-long participation in 
regular physical activity or exercise programmes for continued control of this chronic 
condition. 
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CHAPTER THREE 
RESEARCH DESIGN AND METHODOLOGY 
3.1 Introduction 
The purpose of the study was to determine and subsequently contrast evidence of the 
effect of a 12-week whole body vibration (WBV) therapy programme and an identical 
land-based exercise programme on the lung volumes and related pulmonary variables in 
people with asthma. 
 
3.2 Research design 
The research consisted of a descriptive, exploratory study with an experimental design. 
According to De Vos, Strydom, Fouché and Delport (2002:143), the advantage of using 
this approach lies in the experimental aspect, which employs a three-group pre-test/post-
test design. This is equivalent to the comparison group pre-test/post-test design as 
explained by De Vos et al., (2002:143), in which three groups were also used. While the 
third (control) group received both the pre-test and the post-test at the same time as the 
experimental and comparison groups, it did not undergo the intervention treatment and 
remained sedentary throughout.  
 
In this study, the experimental group performed exercises on the whole body vibration 
platform, while the comparison group performed identical exercises without the vibratory 
stimulation. The control group consisted of participants who could not complete the 
required three-weekly intervention sessions. All participants in the control group 
completed the pre-test assessment as well as the post-test assessment at the end of the 
12-week period. The purpose of the three-group pre-test/post-test design was to gain 
insight into possible statistical differences that might become apparent between the 
experimental, comparison and control groups which could potentially be attributed to 
participation in the whole body vibration exercise programme.  
 
Participants were randomly assigned to either the experimental or comparison group 
following completion of the initial assessment. Research completed by Myers (1998:114) 
stated that this type of quasi-randomisation technique minimizes differences that may 
have existed between the experimental and comparison group prior to the intervention. 
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The experimental group consisted of volunteers diagnosed with asthma, who 
participated in no other form of exercise (neither aerobic nor anaerobic) other than those 
exercises prescribed on the whole body vibration plate.  
 
The comparison group consisted of selected volunteers diagnosed with asthma who did 
not perform exercises on the whole body vibration plate, but completed a gym training 
programme consisting of exercises identical to those performed on the whole body 
vibration plate. This followed the results of the research conducted by Welsh et al., 
(2005:136) which held that due to a decline in physical conditioning often experienced by 
people with asthma, significant improvements in fitness occurred with aerobic training in 
comparison to the non-training control group. Hence the comparison group was restricted 
to the gym routine in an attempt to ensure that statistically significant differences 
between the experimental and comparison groups could be attributed to participation in 
the whole body vibration plate exercise programme and not the initial gains from a 
specific exercise regime.  
 
Due to the number of participants who discontinued the study, a control group was 
established following the 12-week intervention study with the aim of establishing whether 
these participants showed any differences in their pulmonary variables or 
cardiorespiratory fitness after the 12 weeks in comparison to either the whole body 
vibration or the exercise training group.  
       
3.3 Sampling technique 
Accidental sampling was used to identify and obtain a base of volunteers. De Vos et al., 
(2002:207) defined accidental sampling as the inclusion of any case that happens to 
cross the researcher’s path and is relevant to the phenomenon in the sample until the 
desired number has been obtained. Volunteers were obtained through friends, 
acquaintances of the patients and clients of the NMMU Biokinetics and Sports Science 
Unit and Power-plate® Centre at Greenacres hospital. Advertisements placed on the 
NMMU staff and student e-mail portals as well as advertisement drop-offs into the post-
boxes of known sufferers of asthma were also used. Additional volunteers were obtained 
by snowball sampling, a method in which participants already involved find other 
participants relevant to the study. De Vos et al., (2002:336) defined snowball sampling as 
the collection of data on the few members of the target population who could be located, 
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then the seeking of information from these individuals as a means of ascertaining the 
location of other members of that population. See appendix A for the letter sent to 
prospective participants as a means of advertising the research study. 
 
3.4 Participants 
Both male and female participants between the ages of 18 and 55 who had been 
suffering from asthma for more than one year were included in the study. The inclusion 
and exclusion criteria were clearly formulated in an attempt to identify volunteers who 
might previously have met with the contraindications of exercise using whole body 
vibration equipment. Each participant was required to complete an information and 
informed consent form, which emphasised voluntary participation in the study (refer to 
appendix B).  
 
An initial participant base of 23 individuals was obtained with 14 participants placed in 
the whole body vibration group and nine in the exercise group. Any participant who felt 
that he or she could not complete the entire study was requested to return for the post-
test and was automatically entered into the control group. Due to the stringent three-
weekly compliance rate required over the duration of the 12-weeks exercise intervention, 
a drop out was experienced, with the final number of participants consisting of four in the 
whole body vibration therapy group, six in the comparison group and three in the control 
group. Thus, a drop out rate of 44% was experienced over the duration of the study. As a 
result, use was made of non-parametric statistics to determine whether significant 
differences existed between these groups.  
 
3.5 Exclusion criteria 
The researchers Reid and Smith (1981:170) and Sarantakos (2000:139) in De Vos et al., 
(2002:199), wrote that a complete coverage of the total population is seldom possible 
and all the members of a population of interest cannot possibly be reached. However, a 
large sample needs to be drawn as a certain degree of participant mortality and drop out 
occurs in any research (De Vos et al., 2002:200). Hence, a study sample was chosen 
which included individuals aged between 19 and 55 years of age in order to ensure a 
sample of a wide range of the population of varying age groups to determine whether 
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similar effects on the pulmonary variables could be perceived throughout the range of 
participant age groups. 
 
Individuals suffering from emphysema, chronic bronchitis, bronchiectasis (dilation and 
blockage of the bronchial tubes with thick secretions) or those who had undergone a lung 
resection were excluded from the selected population as the main focus of the research 
study was to ascertain whether differences in pulmonary variables could be found for an 
asthmatic population.  
 
Individuals who experienced difficulty breathing or who were overcoming symptomatic 
exacerbations prior to the testing procedure were given a few days’ grace to ascertain 
whether the asthmatic exacerbation would subside; however if this did not occur, then 
the participant was excluded from the study. This was done as a safety measure to 
ensure that no harm came to the participant during the exercise session. Similarly, 
persons interested in participating in the study who had experienced two or more 
hospitalisations or three or more emergency care visits in the past year or, alternatively, 
persons who had difficulty perceiving airflow obstruction or its severity, were excluded 
from the study owing to safety concerns for the participant during performance of the 
exercise programme. However, if physician clearance was obtained prior to the 
evaluation, then the participant was included.  
 
Pregnant individuals were excluded from the study as the safety considerations in the 
use of whole body vibration therapy during pregnancy have not been determined. 
Furthermore, the effect of whole body vibration training on the development of the foetus 
has not been established (Power-plate support, accessed 9th of April 2007). 
 
Preventative contraindications were cited as exclusion criteria owing to the unknown 
effects that vibration training might have on various conditions or symptoms. These 
conditions included serious cardiac conditions or vascular disease including recent 
bypass surgery, primarily because of the increase in body temperature and blood 
circulation generated during the exercise, as well as the use of a pacemaker since the 
effects of the vibration training on the frequency setting and placement of the pacemaker 
are currently unknown (Power-plate support, accessed 9th of April 2007). 
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Participants with orthopaedic conditions including severe osteoporosis, rheumatoid 
arthritis or any other generalized bone disease were excluded as the exercise 
programme chosen for the study required the participants to perform small, slow 
movements for cardiovascular advantages, which could potentially aggravate existing 
conditions and associated signs and symptoms (Power-plate support, accessed 9th of 
April 2007).   
 
Recent fractures of the axial skeleton or recent orthopaedic surgery such as joint 
replacements, metal or pin implantations as well as chronic conditions including severe 
epilepsy, tumours and acute migraine, were among those conditions listed as having 
unknown results from vibration training and hence were excluded because of safety 
considerations (Power-plate support, accessed 9th of April 2007). 
 
A thorough medical history and fitness evaluation for each participant was documented 
to ensure a state of good health prior to, and during, participation in the respective 
intervention programmes.  
 
3.6 Measuring instruments 
The research study made use of a physical activity selection criteria questionnaire (refer 
to appendix C) to establish baseline physical activity readiness and as a means of 
determining selection criteria for the allocation of participants to the whole body vibration 
training group, the experimental exercise group or the true control group. An 
anthropometric profile assessment was used to determine variables of height, weight, 
biceps, triceps, subscapular and suprailliac skinfolds, waist and hip circumference and 
posture evaluation. The research participant’s aerobic capacity was measured by means 
of a combination protocol incorporating aspects of both the YMCA and Astrand and 
Rhyming Physical Work Capacity (PWC) evaluation on a cycle ergometer (Powers and 
Howley, 2001:286). Maximal expiration volumes were determined through the use of a 
Datospir Peak-10 peak flow meter while the participant’s pulmonary function was 
established through the use of the Spirovit SP-100AT spirometry unit integrated into the 
Cardiovit AT-6 model for all spirometry measurements.  
 
All testing was conducted by the principal researcher to ensure consistency in the 
protocol and the use of measurement methods. 
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3.7 Measuring procedure 
3.7.1 Physical activity selection criteria questionnaire 
The physical activity selection criteria questionnaire (refer to appendix C), was 
incorporated in the measurement procedure of the study to evaluate prospective 
participants in respect of their physical activity readiness and as a means of 
determining selection criteria for the allocation of participants to the whole body 
vibration training group, the experimental exercise group or the true control group. The 
questionnaire was based on the “Clinical performance measures: asthma” by the 
Physician Consortium for Performance Improvement (2005), and included a subjective 
assessment of both cardiovascular and respiratory health by the participant as well as 
quantification of his/her physical activity levels, medication dependence and dosage 
requirements during asthmatic exacerbations at the time of completion of the form.  
 
3.7.2 Anthropometric profile 
Body weight was measured using a digital scale to the nearest 0,1kg. The participant 
was required to stand on the scale with minimal clothing and no shoes (Norton and 
Olds, 1996:37). 
 
Height was measured to the nearest 0,1cm using a stadiometer. The participant was 
required to stand barefoot with heels, calves, buttocks, shoulders and head against the 
stadiometer. The participant’s head was placed in the Frankfort plane by the examiner. 
The Frankfort plane requires the corner of the eye to be in line with the notch formed at 
the junction of the ear with the head (Norton and Olds, 1996:37). 
 
Skinfold thickness evaluation was used to estimate total percentage body fatness from 
a measurement of subcutaneous fat. Four relevant thickness measurements were 
made: those of the biceps, triceps, subscapular and suprailliac skinfolds (Norton and 
Olds, 1996:37).  
 
The biceps and triceps skinfold was located at a vertical position midway between the 
sites of the tip of the acromion and head of the radius on the anterior surface and 
posterior surface for the biceps and triceps muscles respectively. The subscapular 
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skinfold site was located two centimetres from the inferior angle of the scapulae 
along a line running laterally and obliquely downwards from the subscapular landmark. 
The suprailliac skinfold site was located immediately superior to the iliocristale 
landmark, taken as a diagonal skinfold, on the ilio-axilla line. A Harpenden skinfold 
calliper was used to measure each participant’s skinfold thickness for the relevant site 
according to the guidelines provided by Norton and Olds (1996:47-50). The skinfold 
calliper was calibrated to the nearest 0,1mm (Norton and Olds, 1996:30) to ensure 
consistency in the reliability and validity of each measurement taken. To ensure 
adequate reliability and validity within the parameters of the study, use was made of a 
single tester who administered all the skinfold assessments. 
  
Waist and hip circumference measurements were taken as per the guidelines provided 
by Norton and Olds (1996:58) at the minimum circumference of the waist and the 
maximum circumference of the hips as seen from an anterior and lateral viewpoint and 
with the use of a steel tape measure. The waist-to-hip ratio was then calculated on an 
Excel spreadsheet as weight divided by height to determine the relative ratio of the 
maximum waist and hip circumference as described by Norton and Olds (1996:58). 
 
The values for height, weight and skinfold thickness were then entered into equations 
developed by Jackson and Pollock (1985:80) to estimate the participant’s body 
composition and percentage body fat. According to Clark (in Durstine and Moore, 
2003:150), the significance of determining body composition lies in the fact that excess 
body weight lowers the physical work capacity of human beings. The excess body fat 
being carried may also impair a person’s oxygen uptake ability resulting in 
breathlessness and subsequent dyspnoea.  
 
In Kendall, McCreary, Provance, Rodgers and Romani’s “Muscle testing and function 
with posture and pain” (2005:51), the Posture Committee of the American Academy of 
Orthopaedic Surgeons defined posture as the relative arrangement of the parts of the 
body. According to Kendall et al., (2005:59) good posture is the state of muscle and 
skeletal balance in which the supporting structures of the body are protected against 
injury or progressive deformity. This balance should occur irrespective of the position in 
which the body is maintained that is, lying down, squatting or standing erect. In this 
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state, the muscles will function more efficiently and optimum positions are afforded 
to the thoracic or abdominal regions.  
 
Poor posture refers to the faulty relationship of the various parts of the body which 
increases the strain placed on the supporting structures. The result is less efficient 
balance of the body over its base of support (Kendall et al., 2005:51). Reno, Renata, 
Granito, Driusso, Costa and Oishi (2005:114) stated that the significance of the posture 
assessment, performed with the aid of a posture grid, lay in the examination for the 
possible presence of thoracic kyphosis. According to the authors, thoracic kyphosis is 
known to alter the shape of the thoracic cage and the anterior-posterior diameter of the 
thorax, thus reducing the distance between the xiphisternum and pubis, and altering 
the position of the ribcage so that it surrounds the abdominal cavity.  
 
According to Sanches, Montemayor, Ortega, Cejudo, Castilho and Otero (2001:748-
756), the resultant spinal deformity and alterations in the ribcage produce a decrease 
in rib mobility and hence an impairment in the mechanics of the respiratory system, 
thus placing the respiratory muscles at a mechanical disadvantage which results in a 
decrease in respiratory muscle strength.    
 
One of the aims of the intervention programme therefore, was to focus on the 
improvement of muscle control and existing postural deviations through the 
performance of specific exercises. 
 
3.7.3 Aerobic Capacity 
The ACSM and YMCA (Powers and Howley, 2001:286-87) recommended submaximal 
graded exercise test protocols, as these tests provide a means of obtaining a variety of 
heart rate responses to several work rates while reducing the duration of the test.  In 
the YMCA protocol utilized by this study, the participant was required to complete a 
series of three-minute stages performed on a cycle ergometer. Heart rate and blood 
pressure readings were taken in the last 30 seconds of the second and third minutes. 
A steady state was assumed if the difference in heart rate was less than five beats per 
minute, otherwise an additional minute was added to the stage. Once a steady state 
was achieved, the workload was increased in increments depending on the person’s 
heart rate reading at the end of the third minute.  
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After completion of the submaximal test, the heart rate values obtained from each 
participant during specific work rates were plotted on a graph. A line connecting the 
two heart rates was drawn and extrapolated to determine the person’s estimated 
maximal heart rate. A vertical line was then dropped from the maximal heart rate on to 
the x-axis and the estimated VO2max values were equated to the relative oxygen 
consumption that the participant achieved during the exercise test (Powers and 
Howley, 2001:286-87). 
 
The advantages of submaximal cycle ergometer testing, as reported by Eggleston 
(2001:899), include portability, low cost, a patient monitoring facility and a lack of 
exercise-induced asthma symptoms during the testing protocol. Furthermore, the test 
has the ability to obtain reliable responses from participants as young as seven years 
of age, thus providing the researcher with a suitable method of testing a population 
encompassing extensive age differences. 
 
3.7.4 Peak flow measurements 
The Datospir Peak-10 peak flow meter was incorporated into the testing protocol as an 
objective measurement of the participant’s peak expiratory flow (PEF), which refers to 
the force with which air can be expelled from the lungs. The researcher, prior to 
measurement, ensured that the red pointer of the Datospir peak flow meter read zero. 
Each participant was instructed to hold the Datospir peak flow meter in a horizontal 
position, take a deep breath to draw air into the lungs, position his/her lips tightly 
around the mouthpiece and blow hard and quickly into the peak flow meter chamber. 
The mean of three attempts was calculated and recorded for use as a criterion from 
which to determine whether differences existed after the completion of the 12-week 
intervention study. 
 
3.7.5 Pulmonary function testing 
Pulmonary volumes were measured via a technique known as spirometry. The Spirovit 
SP-100AT integrated into the Cardiovit AT-6 model was the pulmonary function testing 
device of choice for the research study. Each participant was instructed to avoid eating 
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a heavy meal prior to the test as a full stomach could have prevented the lungs from 
fully expanding.  
 
Participants were also requested not to smoke or participate in strenuous exercise for 
six hours before the testing procedure because of the effects that nicotine, carbon 
monoxide and fatigue from exercise might have had on the testing measurements. 
 
They were further instructed to wear non-restrictive clothing on the day of the test so 
that the various breathing techniques were not hampered in any way. During the 
course of the test, the participants remained standing and made use of a nasal clip to 
ensure that all air flowed through the mouthpiece connected to the Spirovit Sp-100AT 
machine and that no air escaped through the nose. Each test was performed twice 
because of time constraints, with the best results for the two trials being used for 
statistical analysis. The pulmonary function test comprised of four spirometry 
measures, namely forced vital capacity, vital capacity, minute ventilation and maximal 
voluntary ventilation. 
 
Forced Vital Capacity (FVC) refers to the volume of air which is forcibly and maximally 
exhaled out of the lungs until no more can be expired. This measurement was taken 
after maximal inhalation and was expressed in litres. According to the Northern Arizona 
University (2006), the PFT value is critically important in the diagnosis of obstructive 
and restrictive diseases.  
 
Vital Capacity (VC) relates to the maximum amount of air that is expired after a 
maximal inspiration (Powers and Howley, 2001:191). 
 
Minute Ventilation (MV) refers to the amount of air inhaled and exhaled during normal 
quiet breathing (Northern Arizona University, 2006).  
 
Maximal Voluntary Ventilation (MVV) is determined by having the participant breathe in 
and out as rapidly and fully as possible for 12 to 15 seconds. The total volume of air 
moved during the test can be expressed as l/sec or l/min. This test parameter reflects 
the status of the respiratory muscles, compliance of the thorax-lung complex, and 
airway resistance. MVV is a quick and easy way to assess the strength of the patient's 
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pulmonary musculature prior to surgery since a poor performance on this test 
suggests that the patient may have post-operative pulmonary problems due to muscle 
weakness. MVV can therefore be viewed as a measure of respiratory muscle strength. 
One major cautionary consideration is that this test is effort-dependant and therefore 
could be a poor predictor of true pulmonary strength and compliance (Northern Arizona 
University, 2006). 
 
Minute ventilation and maximal voluntary ventilation measurements allow for the 
determination of the participant’s tidal volume (TV) and residual reserve volumes (RR) 
for the respective measures. Residual reserve volume refers to the volume of gas left 
in the lungs after a maximal expiration (Powers and Howley, 2007:209). 
     
Guyton and Hall (2006:476) explained that all pulmonary volumes and capacities are 
approximately 20 to 25% less in woman than in men, and they are greater in large and 
athletic people compared to small and non-athletic people, thus emphasising the 
importance of determining baseline pulmonary capacity prior to implementation of the 
exercise intervention programme.  
 
Tortora and Grabowski (2003:825) stated that differences may also occur due to the 
presence of certain diseases or conditions such as restrictive disease, which causes a 
decrease in the relevant lung volumes or obstructive disease, e.g. asthma and chronic 
bronchitis, which present essentially normal lung volumes but which impede the flow 
rates. Thus, the correct diagnosis of the person’s asthmatic condition is essential in 
providing effective exercise management therapy. 
 
Tortora and Grabowski (2003:841) claimed that differences might also be seen during 
the comparison between non-smokers and smokers as smoking lowers respiratory 
efficiency though the action of nicotine, carbon monoxide and irritants. Nicotine is 
responsible for the constriction of the terminal bronchioles, thus decreasing the airflow 
into and out of the lungs while carbon monoxide in smoke binds to the haemoglobin, 
thus reducing the oxygen-carrying capability of the lungs and respiratory system. The 
irritants located in cigarette smoke increase the secretion of mucus and trigger 
mucosal swelling that impedes airflow into and out of the lungs. The aforementioned 
also inhibit the movement of cilia and destroy the cilia lining in the respiratory system, 
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thus hindering the removal of excess mucus and foreign debris.  This gives rise to 
the symptoms of wheezing, breathlessness and coughing. 
 
3.8 The exercise programme 
Designed according to the frequency, intensity, duration and timing (FITT) principles of 
the “ACSM’s exercise management for persons with chronic diseases and disabilities” 
(Clark in Durstine and Moore, 2003:107), the exercise programme was developed with 
the emphasis on a full body training programme meeting the requirements laid down in 
the Power-plate® manual.  
 
Participants were required to complete either the whole body vibration or the exercise 
training programme a minimum of twice, and a maximum of four times a week. The 
duration of the programme was approximately 30 minutes and consisted of three 
sections including a warm-up, a series of whole body strength training exercises, and a 
cool-down. Within the warm-up section the participants had to complete a series of 
stretches performed on the plate; this was incorporated into the programme as a means 
of providing an effective warm-up for the muscles before the commencement of the 
strength training exercises. The cool-down exercises consisted of massage exercises for 
the whole body vibration group and replicated flexibility exercises for the comparison 
group. The main difference between the exercises performed by the two groups thus lay 
in the exclusion of the use of the vibrations by the participants assigned to the exercise 
training programme.  
 
The warm-up phase included: 
- a hamstring stretch, performed with both feet shoulder-width apart on the 
plate. Participants were instructed to lean forward with hip flexion at 
approximately 90° while holding on to the handles of the whole body vibration 
plate with their legs almost extended, with anterior pelvic tilt and with the whole 
body extended backwards with the head and back in spinal alignment. A slight 
stretch in the hamstrings, gluteus complex and lower back was experienced. 
- a calf stretch, performed with the front foot in the topmost corner of the plate, 
with the heel of the back foot in vertical alignment positioned off the edge of 
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the plate. A slight stretch was experienced in the Achilles tendon and lower 
gastrocnemius (calf) region.  
- a quadriceps stretch, performed with the anterior lower leg and knee placed on 
the plate with the front foot placed off the plate with the participant’s knee in a 
flexed position a distance anterior to the posterior leg. The participant’s upper 
body was positioned with a straight back, tensed abdominal muscles and with 
the pelvis tilted in an anterior position, thus experiencing a stretch in the 
iliopsoas region. 
- a pectoral stretch, performed while sitting on the floor in front of the plate and 
facing away from it. Participants were instructed to place both arms on the 
plate, maintaining a flexed elbow joint. The participant’s shoulders were 
depressed and fixated, with the thorax pushed to the anterior, thereby 
experiencing a stretch in the pectoral and shoulder muscles. 
The whole body strength training exercises included in the programme consisted of : 
- a deep squat, performed with the feet parallel to each other and positioned 
more than shoulder-width apart, with knees flexed and in line with the ankle 
joint (or alternatively just behind the toes). Participants were required to push 
the gluteal muscle complex posteriorly into a seated position, while keeping 
the back straight and maintaining the head in spinal alignment. 
- a wide stance squat required the legs to be positioned even further apart than 
in the previous deep squat. The participant’s toes were averted at an angle of 
approximately 45º. The participants were instructed to maintain the upper body 
and gluteals in the exact same position as in the previous deep squat, but to 
apply a constant contraction of the muscles in the medial compartment of the 
thigh. Tension was experienced in the inner thigh and gluteus complex 
muscles. 
- a lunge performed with the front foot situated in the middle of the plate while 
the back leg was positioned at a distance of approximately one metre posterior 
to the front supported leg. The participants were required to flex the front leg to 
a 90º angle thereby bringing the knee into alignment with the ankle joint, and 
tilt the pelvis anteriorly, thereby ensuring horizontal alignment of the hips. The 
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foot of the posterior leg was raised on to the toe while the posterior knee 
was flexed. In this position, tension was experienced in the quadriceps, 
hamstring and gluteus muscle complexes. On completion, a lunge of the other 
leg was performed.  
- a calf strengthening exercise performed with feet positioned together, knees 
slightly flexed and the heels elevated off the plate so that the participant’s 
centre of gravity fell within the base of support. In this position, tension was 
produced in the gastrocnemius muscle complex of the calves. The participants 
were encouraged to hold on to the plate’s handles only as a means of aiding 
balance. 
- a push up aimed at strengthening the pectoral (chest) muscles. The participant 
was instructed to place his/her knees a given distance on the ground in front of 
the plate, and to place his or her hands shoulder-width apart on the plate 
platform. The participant’s body thus formed a straight line through knees, hips 
and shoulders (frontal support position), while a constant tension was applied 
using the palms and phalanges of the hand, flexed elbows and shoulders in 
order to maintain the body in the desired front support position. 
- a triceps dip achieved by sitting on the plate and facing away from it, with both 
hands placed on either side of the hips with the fingers over the edge of the 
plate. Participants were instructed to lift their body weight off the plate, thereby 
supporting the weight with only the shoulders and palms of the hands. Elbows 
were flexed and drawn towards each other to produce tension in the triceps 
muscle on the posterior surface of the arm.  
- a front raise executed by standing in a slight squat position with feet shoulder- 
width apart and knees slightly flexed. Participants secured the straps of the 
plate in the front attachment area and extended the straps so that their arms 
were pronated horizontally while standing off the plate. The participants’ arms 
were held in a straight line with elbows slightly flexed, thereby enabling them to 
apply an upward force using the straps to produce a constant tension in the 
area of the deltoid muscles. 
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- a lateral side raise was performed in the same manner as the front raise, but 
the arms were positioned to the side of the participant with the arms below 
shoulder height and with the wrists in a firm position. Force was exerted in an 
upward direction thereby producing tension in the middle of the shoulders in 
the region of the deltoids. 
- an abdominal crunch performed supine on the base of the plate with the head 
and shoulders raised off the plate and the legs and feet lifted and flexed at a 
90º angle. The participants lifted the head and shoulders to a level where the 
inferior angle of the scapula just touched the plate. Participants were instructed 
to focus on their breathing while maintaining a constant tension in the region of 
the rectus abdominus muscles. 
- lower abdominals carried out by placing the lower arms and elbows shoulder-
width apart on the plate with the legs positioned approximately a metre away 
from the base of the plate. Participants were required to raise their body weight 
on to their elbows and toes with their knees, hips and shoulders in spinal 
alignment to ensure a bridging position. Tension was created by the production 
of a downward force using the elbows and knees. 
 
As previously stated, the cool-down exercises consisted of either a series of massage 
exercises for the whole body vibration group or replicated flexibility exercises for the 
comparison group: 
-  massage of the calves was performed in a supine position with the belly of the 
gastrocnemius muscle and lower leg on the base of the plate. Participants’ 
postures were relaxed with the feet in a dorsiflexed position. The calves were 
rotated from a medial to a lateral position to enhance the relaxation of the 
whole lower leg and not just the area of the leg in direct contact with the base 
of the plate. 
- hamstring massage performed with the posterior aspect of the legs, the 
hamstring muscle complex, in direct contact with the base of the plate. A mat 
or bench was placed at the edge of the plate base and the participants placed 
themselves in a supine position with their back and buttocks on the mat, while 
the hamstring muscles and lower legs were in contact with the plate. 
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- abductor massage required the participants to lie horizontally on their sides 
on the plate with one arm supporting the upper body (the arm could be placed 
either directly on the plate or on a bench or mat off the plate). Participants 
were advised to keep the spinal column in alignment while administering 
pressure onto the abductor muscles by placing one leg on the other to 
increase the pressure on the lower leg; hence the vibrations were perceived to 
have increased penetration into the muscle body.  
- quadriceps massage performed in a prone position with the thighs on the plate 
while the back was held in spinal alignment. Participants were advised to flex 
the knees to 90° so that more pressure was applied by the upper leg on to the 
plate, thereby enhancing the massage experience. 
 
All exercise sessions and the performance of individual exercises were supervised by 
either a biokinetics intern or honours student qualified, with certification, by the 
distributors of the Power-plate® whole body vibration machine utilized in this study. 
 
Initially the exercises started on a frequency of 30 hertz low amplitude, with a duration of 
30 seconds per exercise to allow the participants to adapt to the frequency of the 
vibration. However, the programme became progressively more intense with the 
inclusion of mostly dynamic movements (slow, small, and controlled movements), 
resulting in longer sessions lasting approximately 30 to 45 minutes with no rest intervals 
between each exercise. This is consistent with the advice provided by Power-plate® for 
appropriate cardiovascular training on whole body vibration plates. 
 
The programme guidelines of Power-plate® include the following weekly progressions for 
whole body vibration training programme and exercise programmes: 
 
Week 1:  training as above (30 sec, 30Hz, low) 
Week 2:  training as above, but with the addition of dynamic slow small 
movements to strength exercises 
Week 3:  an increase in intensity to 35 Hz with slow small dynamic movements 
to strength exercises (30 sec, 35 Hz, low) 
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Week 4:  an increase in intensity to 40 Hz with slow small dynamic movement 
to strength exercises (30 sec, 40 Hz, low) 
Week 5: same as week 4 
Week 6: an increase of amplitude to high (30 sec, 30 Hz, high) with slow, small 
movements {SSM}) 
Week 7: an increase in intensity to 35 Hz (30 sec, 35 Hz, high, SSM)  
Week 8: an increase in intensity to 40 Hz (30 sec, 40 Hz, high, SSM) 
Week 9: same as week 8  
Week 10: an increase in time to 45 sec (45 sec, 30 Hz, low, SSM) 
Week 11: an increase in intensity to 35 Hz (45 sec, 35 Hz, low, SSM) 
Week 12: an increase in intensity to 40 Hz (45 sec, 40 Hz, low, SSM) 
 
However, because the experimental group did not make use of vibration therapy in its 
training programme, only the duration and movement frequency for each exercise were 
adhered to, while the frequency and amplitude variations were not relevant for this 
specific group. Refer to appendices E to P for the detailed exercise programme. 
 
3.9 Ethical considerations 
According to De Vos et al., (2002:75), ethics are defined as a set of widely accepted 
moral principles that offer rules for, and behavioural expectations of, the most correct 
conduct towards experimental subjects and respondents. To ensure that the study 
followed adequate ethical and moral guidelines, permission for the proposed research 
was sought from The Human Ethics Committee of the Nelson Mandela Metropolitan 
University (Appendix D). Permission was granted by the relevant committee in May 2007. 
 
A covering letter describing the rationale behind the study and a formal document of 
informed consent (see appendix B) were given to each participant prior to the 
commencement of the study. The nature, procedure and outcome of the research as well 
as the rights of the participants, were explained within the documentation. The 
participants were required to complete a consent form in full before the testing 
commenced. A statement and declaration from the researcher was explained to each 
participant and a signed copy was presented to the participants. 
 
 82 
To ensure that the research was conducted in an ethical manner, the researcher 
explained to each participant that participation was voluntary and that he/she might 
withdraw from the study at any stage without fear of discrimination. It was also stressed 
that test results would not be revealed to anyone other than the participant and that, 
indeed, all information would be treated as highly confidential with only a general 
conclusion being made public.  
 
On completion of the initial 12-week exercise and power-plate® programme, the 
comparison group was offered the opportunity to participate in the 12-week whole body 
vibration exercise programme, since participation in the power-plate® programme could 
have been the initial reason for voluntary participation in the study. On completion of the 
study, both the comparison and experimental groups received a brief summary of the 
study outcome, not only to provide the participants with the results of the study, but also 
to encourage further participation in physical activity. 
 
3.10  Data Analysis 
Analysis of data was performed utilizing descriptive and non-parametric statistics with the 
help of a qualified statistician. According to Gravetter and Wallnua (1995:62) descriptive 
statistical analysis is a technique that uses raw data, in the form of standard deviations, 
means or pie charts, to produce more logical, understandable and manageable 
information. 
 
The identified variables were tested at a 95% level of probability (p<0.05) as 
recommended by Thomas and Nelson (1996:117). Descriptive data in the form of a 
statistical mean, standard deviation, minimum, median and maximum values obtained 
during the study were reported in the form of a descriptive statistic t-score for the 
selected anthropometric and pulmonary variables, since post-hoc comparisons could not 
be performed due to the statistical insignificance of the study as a result of the small 
participant group.  
 
3.11  Summary 
A descriptive, exploratory research design using a quasi-experimental approach was 
incorporated into the study to determine underlying differences between the 
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experimental, comparison and control groups with regard to variations in the 
pulmonary variables following the completion of a 12-week intervention programme. 
Accidental and snowball sampling techniques were used to obtain a base of volunteers 
and subsequently randomised pairing for participant selection was selected, owing to the 
potential effects that varying pulmonary variables may have had on the reliability of the 
study. In accordance with this, exclusion criteria were set prior to the initial assessments 
of the participants to ensure their safety during the performance of the intervention 
programmes. Participants between the ages of 18 and 55, who had been suffering from 
asthma for more than one year, were paired into a three-group pre-test/post-test design 
incorporating an experimental and comparison group following completion of the initial 
assessment. All participants who withdrew from the study were entered into the control 
group, which served as a comparison for the effects of whole body vibration therapy and 
exercise on the pulmonary variables of people with asthma.  
 
A physical activity selection criteria questionnaire was completed to determine baseline 
physical activity readiness, and as a means of determining selection criteria for the 
allocation of participants to the whole body vibration training group, the experimental 
exercise group or the true control group. The pre-test/post-test assessment made use of 
a combination evaluation that incorporated an anthropometric profile assessment of 
height, weight, biceps, triceps, subscapular and suprailliac skinfolds, waist and hip 
circumference and posture evaluation, an aerobic capacity evaluation that incorporated 
aspects of both the YMCA and Astrand and Rhyming Physical Work Capacity (PWC) 
evaluation on a cycle ergometer, and lastly, a pulmonary variable assessment that made 
use of both the Datospir Peak-10 peak flow meter and the Spirovit SP-100AT spirometry 
unit integrated into the Cardiovit AT-6 model for all spirometry measurements.  
 
The identified variables were tested at a 95% level of probability (p<0.05) as 
recommended by Thomas and Nelson (1996:117). Descriptive data in the form of a 
statistical mean, standard deviation, minimum, median and maximum values obtained 
during the study were reported in the form of a descriptive statistic t-score for the 
selected anthropometric and pulmonary variables. 
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CHAPTER FOUR 
RESULTS 
4.1 Introduction 
Data relating to the baseline pulmonary variables and cardiovascular fitness was 
collected from each participant prior to, and following, a 12-week whole body vibration 
and exercise intervention programme, and was subsequently processed to describe the 
impact of the intervention programme on the anthropometric profile, aerobic capacity, 
lung volumes and hence, the pulmonary capacity in people with asthma. 
 
The variables included in this study comprised an anthropometric analysis of height, 
weight, percentage body fat and waist-to-hip ratio, posture analysis, aerobic capacity 
analysis, peak flow measurements and pulmonary function testing. Pulmonary function 
testing encompassed the readings for forced vital capacity (FVC), vital capacity (VC), 
minute ventilation (MV), minute ventilation residual reserve (MV RR), minute ventilation 
tidal volume (MV TV), maximal voluntary ventilation (MVV), maximal voluntary ventilation 
residual reserve (MVV RR), maximal voluntary ventilation tidal volume (MVV TV) and, 
lastly, the summated lung capacity variable. Each of these variables was tested at a 95% 
level of probability (p<0.05) as recommended by Thomas and Nelson (1996:117). 
 
The results obtained during this study were reported in the form of a descriptive statistic 
t-score for the selected anthropometric and pulmonary variables. Descriptive data in the 
form of a statistical mean, standard deviation, minimum, median and maximum were 
translated into tabular form and graphically represented in the form of a histogram. 
Various numerical measures of location, dispersion and association were used to 
compute the data from each sample group as suggested by Anderson, Sweeney and 
Williams (2003:81). The measure of location, also referred to as a measure of central 
tendency, was described in the form of a mean, while measures of variability or 
dispersion of data were analysed and recorded in terms of variances and standard 
deviations as described by Anderson et al., (2003:81).  
 
According to Anderson et al., (2003:92-96) variance was the measure of variability that 
utilised all raw data and was based on the difference between the value of each 
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observation and the mean, while the standard deviation was defined by Gravetter and 
Wallnau (2002:81) as the positive square root of the mean squared deviation. 
 
Post-hoc comparisons could not be performed due to the results not approaching 
statistical significance as a result of the small participant group. Comparisons were 
therefore made using the mean of the variables identified in the study. The researcher 
suggests that future studies incorporating a larger participant base be conducted to 
determine whether statistical significance can be obtained with a larger sample group. 
 
4.2 Physical activity selection criteria questionnaire 
The Physical Activity Selection Criteria Questionnaire was incorporated into the study not 
as a means of obtaining statistical information, but rather as a method of evaluating 
prospective participants in respect of their physical activity readiness and as a means of 
determining selection criteria for the allocation of participants to the whole body vibration 
training group, the experimental exercise group and the control group. The questionnaire 
included a subjective assessment of both cardiovascular and respiratory health by the 
participant, as well as a quantification of the participant’s physical activity levels, 
medication dependence, and dosage requirements during asthmatic exacerbations.  
 
4.3 Anthropometric profile analysis 
The anthropometric profile analysis, as a composite measure, was assessed and 
reported by means of height and weight measures, and the percentage body fat measure 
calculated by using the skinfold measurement of the participants and the waist-to-hip 
ratio. 
 
4.3.1 Height 
The 12-week intervention programme produced statistically insignificant results for the 
mean height for the whole body vibration group, the exercise group and the control 
group. A 0.01% decrease in height was found in the whole body vibration group, an 
increase of 0.18% was reported in the exercise group, while a reduction of 0.65% was 
evident in the control group. The height range for the whole body vibration group was 
between 160.75cm and 185.00cm in the pre-evaluation while the post-evaluation 
showed a reduction in height between 160.55cm and 184.90cm. In comparison, the 
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exercise group showed a height range between 163.90cm and 174.55cm for the 
pre-evaluation, while the post-evaluation ranged between 164.60cm and 174.35cm. 
The control group had a height range between 167.40cm and 184.90cm for the pre-
evaluation and a range between 167.10cm and 184.00cm, showing a slight but 
insignificant decline in height range, for the post-evaluation. As use was made of an 
adult participant group, no statistical changes were expected; however the existing 
changes could be attributed to the variability and diurnal variations in the time of 
testing. Descriptive data on mean height is presented in Table 1. 
 
Table 1:  Descriptive data on mean height  
 
Height (cm) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 168.34 168.33 -0.01 168.51 168.81 0.18 174.07 172.93 -0.65 
SD 11.23 11.18 0.19 4.15 3.93 0.39 9.46 9.59 0.58 
Min 160.75 160.55 -0.12 163.90 164.60 -0.30 167.40 167.10 -1.29 
Median 163.80 163.93 -0.09 168.00 168.58 0.12 169.90 167.70 -0.49 
Maximum 185.00 184.90 0.28 174.55 174.35 0.69 184.90 184.00 -0.18 
  
Figure 1 represents the mean variance in histogram format for the anthropometrical 
analysis of height.  
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Figure 1:  Histogram of the mean variance in the anthropometrical analysis of height 
 
4.3.2 Weight 
The whole body vibration group, exercise group and control group results showed a 
decrease in mean mass of 0.39% for the whole body vibration group, an increase in 
mean mass of 1.29% for the exercise group and an increase of 1.85% for the control 
group. The mean mass for the whole body vibration group ranged between 54.46kg 
and 86.52kg during pre-evaluation, while post-evaluation results indicated a decrease 
in the mean mass range of between 53.44kg and 85.30kg. The exercise group mean 
mass ranged between 55.24kg and 76.60kg for the pre-evaluation with an increase in 
mean mass range between 56.16kg and 77.92kg for the post-evaluation. The pre-
evaluation and post-evaluation for the control group ranged between 65.64kg and 
110.74kg and 65.78kg and 114.60kg respectively, thereby indicating an increase in the 
post-evaluation for mean mass. Despite decreases in the mean mass for the whole 
body vibration group, these results did not approach statistically significant results due 
to the small participant group. Descriptive data on mean weight is presented in Table 
2. 
 
 89 
Table 2:  Descriptive data on mean weight 
Weight (kg) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 68.07 67.75 -0.39 67.52 68.44 1.29 80.83 82.57 1.85 
SD 14.90 14.45 1.72 8.88 9.50 1.27 25.90 27.75 1.64 
Min 54.46 53.44 -1.87 55.24 56.16 -0.98 65.64 65.78 0.21 
Median 65.65 66.12 -0.84 69.29 70.14 1.53 66.12 67.34 1.85 
Maximum 86.52 85.30 1.98 76.60 77.92 2.87 110.74 114.60 3.49 
 
Figure 2 represents the mean variance in histogram format for the anthropometrical 
analysis of weight.  
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Figure 2:  Histogram of the mean variance in the anthropometrical analysis of weight 
 
4.3.3 Percentage body fat 
Percentage body fat results showed an increase of 1.52% in the percentage body fat of 
the whole body vibration group, with a comparative increase of 5.63% in the 
percentage body fat of the exercise group and a similar increase of 5.16% in the 
percentage body fat of the control group. The mean range in percentage body fat for 
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the whole body vibration group for pre-evaluation tests ranged between 18.90% and 
34.38% while the post-evaluation percentage body fat range was between 17.17% and 
38.24%. The exercise group’s percentage body fat ranged between 12.33% and 
37.98% for the pre-evaluation, thus an increase in percentage body fat over the 12-
week programme was evident as the post-evaluation ranged from 13.64% to 38.13%. 
The pre-evaluation range for percentage body fat for the control group ranged between 
26.45% and 36.55%, while the post-evaluation range was between 29.96% and 
35.66%. The results indicated an increase in the percentage body fat of all three 
groups, but the results did not approach statistical significance. Descriptive data on 
mean percentage body fat is presented in Table 3. 
 
Table 3:  Descriptive data on mean percentage body fat 
Percentage body fat 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 29.19 30.04 1.52 29.03 30.45 5.63 30.83 32.16 5.16 
SD 7.15 9.25 9.31 9.06 9.15 6.64 5.18 3.06 7.87 
Min 18.90 17.17 -9.15 12.33 13.64 -2.19 26.45 29.96 -2.44 
Median 31.73 32.37 0.84 30.54 32.47 6.11 29.50 30.87 4.64 
Maximum 34.38 38.24 13.54 37.98 38.13 14.62 36.55 35.66 13.27 
 
Figure 3 represents the mean variance in histogram format for the anthropometrical 
analysis of percentage body fat.  
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Figure 3:  Histogram of the mean variance in the anthropometrical analysis of percentage body 
fat 
 
4.3.4 Waist-to-hip ratio 
The 12-week intervention programme produced a decrease of 1.56% in the waist-to-
hip ratio of the whole body vibration group, a similar decrease of 0.82% in the waist-to-
hip ratio of the exercise group, but an increase of 2.05% in the waist-to-hip ratio in the 
control group. The mean range of waist-to-hip ratio for the whole body vibration group 
was between 0.72 and 0.85 for the pre-evaluation and between 0.71 and 0.83 for the 
post-evaluation, thereby indicating a decrease in waist-to-hip ratio over the 12-week 
intervention programme. The waist-to-hip ratio for the exercise group showed a range 
of between 0.67 and 0.86 for the pre-test evaluation while the post-evaluation ranged 
between 0.69 and 0.78. The control group reported a waist-to-hip ratio of 0.69 and 1.00 
for the pre-evaluation while the post-evaluation results ranged between 0.70 and 0.97. 
The results indicated a decrease in waist-to-hip ratio; however, the researcher 
suggests that, due to the results not approaching statistical significance, a larger 
participant group should be used for future studies to validate these decreases. 
Descriptive data on mean waist-to-hip ratio is presented in Table 4. 
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Table 4:  Descriptive data on mean waist-to-hip ratio 
Waist-to-hip ratio 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 0.79 0.78 -1.56 0.74 0.73 -0.82 0.82 0.84 2.05 
SD 0.05 0.05 0.53 0.07 0.04 4.58 0.16 0.14 5.37 
Min 0.72 0.71 -2.35 0.67 0.69 -9.30 0.69 0.70 -3.00 
Median 0.80 0.79 -1.33 0.72 0.72 -0.04 0.78 0.84 1.45 
Maximum 0.85 0.83 -1.25 0.86 0.78 2.99 1.00 0.97 7.69 
 
Figure 4 represents the mean variance in histogram format for the anthropometrical 
analysis of waist-to-hip ratio.  
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Figure 4:  Histogram of the mean variance in the anthropometrical analysis of waist-to-hip ratio 
 
4.3.5 Posture 
The 12-week intervention programme produced results indicating a 4.15% increase in 
posture in the whole body vibration group, a decrease of 2.50% in the exercise group, 
and an increase of 1.09% in the control group. The posture range out of a score of 100 
for the whole body vibration group was between 57.00 and 76.00 in the pre-evaluation, 
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while the post-evaluation showed the posture rating to range between 65.00 and 
74.00. In comparison, the exercise group showed a posture range between 71.00 and 
84.00 for the pre-evaluation, while the post-evaluation ranged between 69.00 and 
82.00. The control group had a posture range between 66.00 and 82.00 for the pre-
evaluation and a range between 69.00 and 82.00, showing a slight increase in posture 
range, for the post-evaluation. Thus, the 12-week intervention programme produced 
results indicating a possible decrease in posture for the whole body vibration group, 
the exercise group and the control group. However, these results should be replicated 
using a larger participant group as the results of the study did not approach statistical 
significance. Descriptive data on mean posture is presented in Table 5. 
 
Table 5:  Descriptive data on mean posture 
Posture 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 68.50 70.75 4.15 76.33 74.33 -2.50 75.33 76.00 1.09 
SD 8.58 4.27 9.99 4.55 4.76 5.83 8.33 6.56 3.06 
Min 57.00 65.00 -7.89 71.00 69.00 -9.52 66.00 69.00 -1.28 
Median 70.50 72.00 5.22 76.00 74.50 -2.70 78.00 77.00 0.00 
Maximum 76.00 74.00 14.04 84.00 82.00 5.13 82.00 82.00 4.55 
 
Figure 5 represents the mean variance in histogram format for the anthropometrical 
analysis of posture.  
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Figure 5:  Histogram of the mean variance in the anthropometrical analysis of posture 
 
4.4 Aerobic capacity analysis 
The Physical Work Capacity (PWC) test was used as a means of determining the aerobic 
capacity and hence the cardiorespiratory fitness level of the participants with asthma. A 
mean increase of 30.77% in the aerobic capacity was evident for the whole body 
vibration group with an increase of 10.08% in the aerobic capacity of the exercise group. 
The control group showed an increase of 8.24% in the aerobic capacity following the 
implementation of the 12-week intervention programme. The aerobic capacity ranged 
between 28.46 ml/kg/min-1 and 29.86 ml/kg/min-1 during the pre-evaluation to between 
 23.83 ml/kg/min-1 and 53.34 ml/kg/min-1 in the post-evaluation for the whole body 
vibration group. The exercise group had an aerobic capacity range of between 23.50 
ml/kg/min-1 and 45.26 ml/kg/min-1 during the pre-evaluation with an increase in range 
between 25.71 ml/kg/min-1 and 49.22 ml/kg/min-1 during the post-evaluation. The aerobic 
capacity range for the control group for the pre-evaluation was between 23.48 ml/kg/min-
1 and 27.42 ml/kg/min -1, while the post-evaluation showed an increase in range from 
25.10 ml/kg/min-1 to 29.67 ml/kg/min-1. Descriptive data on mean aerobic capacity is 
presented in Table 6. 
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Table 6:  Descriptive data on mean aerobic capacity 
Aerobic capacity - VO2max 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 29.11 38.24 30.77 31.24 33.01 10.08 25.54 27.41 8.24 
SD 0.67 13.35 43.46 7.62 8.74 38.58 1.98 2.29 17.47 
Min 28.46 23.83 -16.80 23.50 25.71 -19.35 23.48 25.10 -8.49 
Median 29.05 37.89 29.45 28.85 29.29 -5.94 25.71 27.47 6.85 
Maximum 29.86 53.34 80.99 45.26 49.22 80.03 27.42 29.67 26.37 
 
Figure 6 represents the mean variance in histogram format for aerobic capacity as a 
measure of VO2max (ml/kg/min). 
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Figure 6:  Histogram of the mean variance in aerobic capacity 
 
4.5 Analysis of peak flow measurements 
The whole body vibration group, exercise group and control group results showed an 
increase in the mean peak flow measurement over the 12-week intervention programme. 
These results indicated an increase in mean peak flow measurement of 1.56% for the 
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whole body vibration group, an increase in mean peak flow measurement of 0.89% for 
the exercise group and an increase of 4.26% for the control group. The mean peak flow 
measurement for the whole body vibration group ranged between 246.67ℓ and 473.33ℓ 
during pre-evaluation, while post-evaluation results indicated an increase in the mean 
peak flow measurement ranging from 243.33ℓ to 470.00ℓ. The exercise group mean peak 
flow measurement ranged between 260.00ℓ and 500.00ℓ for the pre-evaluation with the 
mean peak flow measurement ranging between 300.00ℓ and 413.33ℓ for the post-
evaluation. The pre-evaluation and post-evaluation for the control group ranged between 
226.67ℓ and 466.67ℓ, and 218.33ℓ and 490.00ℓ respectively, thereby indicating an 
increase in the post-evaluation range for mean peak flow measurement. Although the 
results indicated a positive trend towards improvements made in peak flow measurement 
values, the size of the participant group caused the results to be practically and 
statistically insignificant. The researcher advocates that future studies incorporating 
larger participant groups be utilized to validate the possible increases in peak flow 
measurements. 
Descriptive data on mean peak flow measurements is presented in Table 7. 
 
Table 7:  Descriptive data on mean peak flow measurements 
Peak Flow measurements 
 
 
Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 331.67 336.25 1.56 349.44 345.83 0.89 337.78 355.00 4.26 
SD 102.61 100.28 3.01 86.29 52.72 10.95 120.98 135.84 7.59 
Min 246.67 243.33 -1.35 260.00 300.00 -17.33 226.67 218.33 -3.68 
Median 303.33 315.83 1.61 318.33 318.33 2.92 320.00 356.67 5.00 
Maximum 473.33 470.00 4.38 500.00 413.33 15.38 466.67 490.00 11.46 
 
Figure 7 represents the mean variance in histogram format for peak flow measurements. 
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Figure 7:  Histogram of the mean variance in peak flow measurements 
 
4.6 Analysis of pulmonary function testing 
The pulmonary function tests comprised four main components, namely forced vital 
capacity, vital capacity, minute ventilation and maximal voluntary ventilation, but 
subcategories for the latter two variables were included owing to the importance of tidal 
volume and residual reserve in the minute ventilation and maximal voluntary ventilation 
readings. 
 
4.6.1 Forced vital capacity (FVC) 
Forced vital capacity measurements for the 12-week intervention programme produced 
a mean increase in forced vital capacity of 13.51% for the whole body vibration group 
with the mean range between 3.78ℓ and 8.66ℓ for the pre-evaluation and between 
4.84ℓ and 8.57ℓ for the post-evaluation, indicating a slight increase in mean range over 
the 12-week intervention programme. The exercise group showed an increase in mean 
forced vital capacity of 25.32% with the mean range of forced vital capacity between 
4.71ℓ and 6.39ℓ for the pre-evaluation, and a mean range of between 5.42ℓ and 9.01ℓ 
for forced vital capacity in the post-evaluation, thus indicating an increase in the mean 
forced vital capacity for the exercise group. The results from the control group reported 
a 34.59% increase during the pre-evaluation and post-evaluation measurements. The 
mean range for forced vital capacity of the control group varied between 2.80ℓ and 
6.81ℓ for the pre-evaluation results and between 4.08ℓ and 9.27ℓ for the post-
evaluation, thus showing an increase similar to that found in the whole body vibration 
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group.  The results however, did not indicate a statistical or practical significance, 
but the researcher is of the opinion that the results may be positive enough to validate 
a study incorporating a larger participant group. Descriptive data on mean forced vital 
capacity is presented in Table 8. 
 
Table 8:  Descriptive data on mean forced vital capacity 
Forced Vital Capacity (FVC) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 5.58 6.12 13.51 5.48 6.75 25.32 5.42 7.16 34.59 
SD 2.25 1.75 13.22 0.71 1.26 33.32 2.27 2.73 11.97 
Min 3.78 4.84 -1.04 4.71 5.42 5.71 2.80 4.08 21.92 
Median 4.93 5.54 13.25 5.31 6.73 10.11 6.66 8.12 36.12 
Maximum 8.66 8.57 28.57 6.39 9.01 91.30 6.81 9.27 45.71 
 
Figure 8 represents the mean variance in histogram format for pulmonary function 
analysis of forced vital capacity. 
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Figure 8:  Histogram of the mean variance in the pulmonary function analysis of forced vital 
capacity 
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4.6.2 Vital capacity (VC) 
The 12-week intervention programme produced an increase of 3.36% and 13.21% in 
the mean vital capacity for the whole body vibration and control groups respectively, 
but showed a decrease of 4.93% in the mean vital capacity for the exercise group. This 
could suggest that whole body vibration training provided a means of exercise that 
produced increases in vital capacity without the negative consequences of exercise-
induced bronchospasms. This finding, however, would need to be validated with a 
larger participant group. The mean range for the whole body vibration group for vital 
capacity measurement varied from 6.37 ℓ to 12.44ℓ for the pre-evaluation and between 
4.85ℓ and 12.59ℓ for the post-evaluation. The exercise group had a mean vital capacity 
range of between 4.70ℓ and 12.64ℓ for the pre-evaluation and between 5.14ℓ and 
12.66ℓ for the post-evaluation. The control group showed a vital capacity range 
between 6.48ℓ and 12.42ℓ for the pre-evaluation and between 7.22ℓ and 14.91ℓ for the 
post-evaluation. Descriptive data on mean vital capacity is presented in Table 9. 
 
Table 9:  Descriptive data on mean vital capacity 
Vital Capacity (VC) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
N 4 4 4 6 6 6 3 3 3 
Mean 8.33 8.06 3.36 8.29 7.61 -4.93 9.23 10.34 13.21 
SD 2.77 3.26 51.19 3.02 2.61 18.94 3.00 4.04 28.19 
Min 6.37 4.85 -38.91 4.70 5.14 -36.20 6.48 7.22 -17.77 
Median 7.25 7.39 -9.82 7.66 6.88 2.93 8.78 8.90 20.05 
Maximum 12.44 12.59 71.99 12.64 12.66 11.06 12.42 14.91 37.35 
 
Figure 9 represents the mean variance in histogram format for pulmonary function 
analysis of vital capacity. 
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Figure 9:  Histogram of the mean variance in the pulmonary function analysis of vital capacity 
 
4.6.3 Minute ventilation (MV) 
Minute ventilation results showed a decrease in the mean minute ventilation for the 
whole body vibration group and control group, while the exercise group showed an 
increase in mean minute ventilation. The whole body vibration group experienced a 
13.18% decrease, the exercise group had an increase of 12.33% and the control group 
showed a decrease of 0.30%. The mean range for pre-evaluation minute ventilation for 
the whole body vibration group was between 15.83ℓ/min and 89.99ℓ/min, while the 
exercise group fell between a range of 11.99 ℓ/min and 28.27ℓ/min, and the control 
group ranged between 18.08ℓ/min and 23.41ℓ/min. The mean range for post-evaluation 
minute ventilation for the whole body vibration group was between 13.28ℓ/min and 
25.06ℓ/min, the exercise group ranged between 14.32ℓ/min and 25.75ℓ/min, while the 
control group had a range of between 18.54ℓ/min and 21.31ℓ/min.  
 
Descriptive data on mean minute ventilation is presented in Table 10. 
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Table 10:  Descriptive data on mean minute ventilation (MV) 
Minute Ventilation (MV) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics 
Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test Diff % 
Pre-
test 
Post-
test 
Diff 
%  
N 
4 4 4 6 6 6 3 3 3 
Mean 
39.95 20.21 -13.18 18.52 20.15 12.33 20.23 20.00 -0.30 
SD 
34.79 5.31 59.92 5.56 4.96 27.65 2.81 1.39 10.55 
Min 
15.83 13.28 -85.24 11.99 14.32 -9.19 18.08 18.54 -8.97 
Median 
27.00 21.25 -8.59 17.67 20.13 1.36 19.19 20.15 -3.39 
Maximum 
89.99 25.06 49.70 28.27 25.75 60.05 23.41 21.31 11.45 
 
Figure10 represents the mean variance in histogram format for pulmonary function 
analysis of minute ventilation. 
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Figure 10:  Histogram of the mean variance in the pulmonary function analysis of minute 
ventilation 
 
4.6.4 Minute ventilation residual reserve (MV RR) 
Minute ventilation residual reserve refers to the amount of air that remains in the 
airways following expiration during one minute of breathing. The mean for minute 
ventilation residual reserve for whole body vibration therapy and the control group 
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decreased by 9.22% and 7.58% respectively, while that of the exercise group 
increased by 6.18% during the 12-week intervention programme. The mean range for 
the minute ventilation residual reserve was between 15.20ℓ/min and 44.30ℓ/min for the 
pre-evaluation of the whole body vibration group and between 12.64ℓ/min and 
20.99ℓ/min for the post-evaluation of the whole body vibration group. The mean range 
for the minute ventilation residual reserve was between 10.60ℓ/min and 28.37ℓ/min for 
the pre-evaluation of the exercise group and between 11.92ℓ/min and 22.74ℓ/min for 
the post-evaluation of the exercise group. The mean range for the minute ventilation 
residual reserve was between 15.23ℓ/min and 16.57ℓ/min for the pre-evaluation of the 
control group and between 14.42ℓ/min and 15.27ℓ/min for the post-evaluation of the 
control group. The results obtained for minute ventilation residual reserve proved to be 
statistically insignificant, attributable in part to the small participant group. Descriptive 
data on mean minute ventilation residual reserve is presented in Table 11. 
 
Table 11:  Descriptive data on mean minute ventilation residual reserve (MV RR) 
Minute ventilation residual reserve (MV RR) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics 
Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test Diff % 
Pre-
test 
Post-
test 
Diff 
%  
n 
4 4 4 6 6 6 3 3 3 
Mean 
22.72 16.46 -9.22 16.51 16.28 6.18 15.95 14.71 -7.58 
SD 
14.39 3.65 44.70 6.67 3.80 28.60 0.67 0.49 6.95 
Min 
15.20 12.64 -67.07 10.60 11.92 -41.77 15.23 14.42 -12.98 
Median 
15.69 16.10 -3.95 14.54 16.55 7.13 16.04 14.43 -10.04 
Maximum 
44.30  20.99 38.09 28.37 22.74 46.03 16.57 15.27 0.26 
 
Figure11 represents the mean variance in histogram format for pulmonary function 
analysis of minute ventilation residual reserve. 
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Figure 11:  Histogram of the mean variance in the pulmonary function analysis of minute 
ventilation residual reserve 
 
4.6.5 Minute ventilation tidal volume (MV TV) 
The whole body vibration group, exercise group and control group results indicated a 
decrease in mean minute ventilation tidal volume of 13.86% for the whole body 
vibration group, an increase in mean minute ventilation tidal volume of 12.18% for the 
exercise group and an increase of 7.83% for the control group. The mean minute 
ventilation tidal volume for the whole body vibration group ranged between 1.04ℓ/min 
and 2.44ℓ/min during pre-evaluation, while post-evaluation results indicated a decrease 
in the mean minute ventilation tidal volume ranging from 0.90ℓ/min to 1.87ℓ/min. The 
exercise group mean minute ventilation tidal volume ranged between 0.56ℓ/min and 
1.83ℓ/min for the pre-evaluation with the mean minute ventilation tidal volume for the 
post-evaluation ranging between 0.91ℓ/min and 1.77ℓ/min. The pre-evaluation and 
post-evaluation for the control group ranged between 1.16ℓ/min and 1.46ℓ/min, and 
1.29ℓ/min and 1.48ℓ/min respectively, thus indicating an increase in the post-evaluation 
for mean minute ventilation tidal volume. The results however did not approach 
statistical significance. Descriptive data on mean minute ventilation tidal volume is 
presented in Table 12. 
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Table 12:  Descriptive data on mean minute ventilation tidal volume (MV TV) 
Minute Ventilation Tidal Volume (MV TV) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 1.64 1.28 -13.86 1.25 1.26 12.18 1.27 1.36 7.83 
SD 0.71 0.47 38.02 0.52 0.32 38.11 0.17 0.10 5.60 
Min 1.04 0.90 -55.17 0.56 0.91 -22.60 1.16 1.29 1.37 
Median 1.54 1.17 -18.41 1.35 1.15 -7.23 1.19 1.32 10.92 
Maximum 2.44 1.87 36.54 1.83 1.77 62.50 1.46 1.48 11.21 
 
Figure12 represents the mean variance in histogram format for pulmonary function 
analysis of minute ventilation tidal volume. 
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Figure 12:  Histogram of the mean variance in the pulmonary function analysis of minute 
ventilation tidal volume 
 
4.6.6 Maximal voluntary ventilation (MVV)  
The results obtained for maximal voluntary ventilation showed statistically insignificant 
results; however a mean increase was obtained in all three groups between the pre-
evaluation and the post-evaluation. Whole body vibration had an increase in mean 
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maximal voluntary ventilation of 27.23%, while the experimental group had an 
increase of 26.89% and the control group had an increase of 35.99%. The mean 
maximal voluntary ventilation range for the whole body vibration group was between 
100.87ℓ/min and 196.62ℓ/min for the pre-evaluation while the post-evaluation range 
was between 118.32ℓ/min and 257.85ℓ/min, indicating a slight, but statistically 
insignificant increase between pre-evaluation and post-evaluation. The mean maximal 
voluntary ventilation range for the exercise group was between 115.70ℓ/min and 
201.42ℓ/min for the pre-evaluation while the post-evaluation showed a similar increase 
in range between 133.38ℓ/min and 262.84ℓ/min. The control group had a mean 
maximal voluntary ventilation range of between 66.75ℓ/min and 181.42ℓ/min for the 
pre-evaluation and a post-evaluation range of between 99.99ℓ/min and 228.44ℓ/min. 
Thus, all three groups showed a slight but statistically insignificant increase in the 
mean and mean range. Descriptive data on mean maximal voluntary ventilation is 
presented in Table 13. 
 
Table 13:  Descriptive data on mean maximal voluntary ventilation (MVV) 
Maximal voluntary ventilation (MVV) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 152.77 195.72 27.23 152.18 191.60 26.89 131.62 174.14 35.99 
SD 42.91 60.12 7.41 38.12 45.29 15.05 58.80 66.48 12.37 
Min 100.87 118.32 17.30 115.70 133.38 5.37 66.75 99.99 25.92 
Median 156.79 203.35 28.67 134.90 182.13 31.90 146.68 193.98 32.25 
Maximum 196.62 257.85 34.27 201.42 262.84 43.78 181.42 228.44 49.80 
 
Figure 13 represents the mean variance in histogram format for pulmonary function 
analysis of maximal voluntary ventilation. 
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PULMONARY FUNCTION ANALYSIS OF MAXIMAL 
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Figure 13:  Histogram of the mean variance in the pulmonary function analysis of maximal 
voluntary ventilation 
 
4.6.7 Maximal voluntary ventilation residual reserve (MVV RR) 
Maximal voluntary ventilation residual reserve following a 12-week intervention 
programme showed an increase of 32.10% for the whole body vibration group, an 
increase of 3.73% for the exercise group and an increase of 23.34% for the control 
group. This indicates that there was a possible increase in ventilation during the 
performance of the whole body vibration training and conventional exercise training, 
but these results need to be validated in future studies using a larger participant group. 
The mean maximal voluntary ventilation residual reserve range for the whole body 
vibration group was between 36.73 ℓ/min and 58.43ℓ/min for the pre-evaluation and 
between 41.20ℓ/min and 73.83ℓ/min for the post-evaluation. The exercise group 
showed a mean maximal voluntary ventilation residual reserve range of between 
48.78ℓ/min and 113.03ℓ/min for the pre-evaluation and between 55.58ℓ/min and 
95.52ℓ/min for the post-evaluation. The control group showed an increase in range for 
the maximal voluntary ventilation between 27.05ℓ/min and 59.20ℓ/min for the pre-
evaluation and between 38.75ℓ/min and 64.08ℓ/min for the post-evaluation. Descriptive 
data on mean maximal voluntary ventilation residual reserve is presented in Table 14. 
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Table 14:  Descriptive data on mean maximal voluntary ventilation residual reserve 
(MVV RR) 
Maximal voluntary ventilation residual reserve (MVV RR) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics 
Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test Diff % 
Pre-
test 
Post-
test 
Diff 
%  
n 
4 4 4 6 6 6 3 3 3 
Mean 
50.10 63.18 32.10 67.88 67.83 3.73 40.19 47.83 23.34 
SD 
9.53 15.12 50.08 22.98 14.70 20.37 16.86 14.10 17.99 
Min 
36.73 41.20 -25.13 48.78 55.58 -17.94 27.05 38.75 8.24 
Median 
52.61 68.85 28.26 60.02 62.16 -0.09 34.31 40.67 18.54 
Maximum 
58.43 73.83 97.01 113.03 95.52 30.61 59.20 64.08 43.25 
 
Figure14 represents the mean variance in histogram format for pulmonary function 
analysis of maximal voluntary ventilation residual reserve. 
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Figure 14:  Histogram of the mean variance in the pulmonary function analysis of maximal 
voluntary ventilation residual reserve 
 
4.6.8 Maximal voluntary ventilation tidal volume (MVV TV) 
Maximal voluntary ventilation tidal volume measurements for the 12-week intervention 
programme did not produce statistically significant results; however a mean increase in 
 108 
maximal voluntary ventilation tidal volume of 6.43% was found for the whole body 
vibration group with the mean range between 1.83ℓ/min and 3.92ℓ/min for the pre-
evaluation and between 2.52ℓ/min and 3.95ℓ/min for the post-evaluation, indicating a 
slight, but statistically insignificant increase in mean range over the 12-week 
intervention programme. The exercise group showed an increase in mean maximal 
voluntary ventilation tidal volume of 20.66% with a mean range of maximal voluntary 
ventilation tidal volume between 1.78ℓ/min and 2.95ℓ/min for the pre-evaluation, and a 
mean range of between 2.20ℓ/min and 4.01ℓ/min for maximal voluntary ventilation tidal 
volume in the post-evaluation, thus indicating a slight, but statistically insignificant 
increase in the mean maximal voluntary ventilation tidal volume for the exercise group. 
The results from the control group reported an 11.64% increase during the pre-
evaluation and post-evaluation measurements. The mean range for maximal voluntary 
ventilation tidal volume of the control group varied between 1.95ℓ/min and 5.42ℓ/min for 
the pre-evaluation results and between 2.46ℓ/min and 5.01ℓ/min for the post-
evaluation, thus, as with the whole body vibration group, a similarly statistically 
insignificant increase in mean range was found. Descriptive data on mean maximal 
voluntary ventilation tidal volume is presented in Table 15. 
 
Table 15:  Descriptive data on mean maximal voluntary ventilation tidal volume (MVV TV) 
Maximal Voluntary Ventilation Tidal Volume (MVV TV) 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test 
Diff % Pre-
test 
Post-
test 
Diff 
%  
n 4 4 4 6 6 6 3 3 3 
Mean 3.12 3.10 6.43 2.40 2.86 20.66 3.48 3.68 11.64 
SD 0.94 0.61 36.89 0.52 0.65 20.29 1.77 1.28 17.34 
Min 1.83 2.52 -31.89 1.78 2.20 2.14 1.95 2.46 -7.56 
Median 3.37 2.96 0.38 2.42 2.81 11.51 3.06 3.56 16.34 
Maximum 3.92 3.95 56.83 2.95 4.01 54.49 5.42 5.01 26.15 
 
Figure 15 represents the mean variance in histogram format for pulmonary function 
analysis of maximal voluntary ventilation tidal volume. 
 109 
 
PULMONARY FUNCTION ANALYSIS OF MAXIMAL 
VOLUNTARY VENTILATION TIDAL VOLUME
0.00
1.00
2.00
3.00
4.00
Pre-test                Post-test
M
V
V
 T
id
a
l 
V
o
lu
m
e
 
(l
it
re
/m
in
u
te
)
WBV Group
Exercise Group
Control Group
 
Figure 15:  Histogram of the mean variance in the pulmonary function analysis of maximal 
voluntary ventilation tidal volume 
 
4.6.9 Summated lung capacity 
The summation of forced vital capacity, vital capacity, minute ventilation and maximal 
voluntary ventilation was determined by converting the values into t-score form and 
performing a summation calculation.  The results indicated an increase of 0.09% for 
mean summated lung capacity for the whole body vibration group, an increase of 
8.02% for mean summated lung capacity for the exercise group and an increase of 
11.46% for the mean summated lung capacity for the control group. The mean 
summated lung capacity range for pre-evaluation was between 42.35 and 61.23, while 
the post-evaluation range was between 40.92 and 57.58. The exercise group had a 
mean summated lung capacity ranging between 40.89 to 53.03 for the pre-evaluation 
and between 48.49 and 55.59 for the post-evaluation, thus indicating a slight but 
statistically insignificant increase in the mean range for summated lung capacity. The 
mean range for summated lung capacity for the control group was between 39.55 and 
53.61 for the pre-evaluation and between 42.10 and 61.46 for the post-evaluation, thus 
indicating a similar statistically insignificant increase in mean summated lung capacity 
range. 
Descriptive data on mean summated lung capacity is presented in Table 16. 
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Table 16:  Descriptive data on mean summated lung capacity 
 
Summated lung capacity 
 Whole Body 
Vibration Group 
Exercise group Control Group 
Statistics 
Pre-
test 
Post-
test 
Diff 
%  
Pre-
test 
Post-
test Diff % 
Pre-
test 
Post-
test 
Diff 
%  
n 
4 4 4 6 6 6 3 3 3 
Mean 
51.29 50.66 0.09 47.44 50.98 8.02 47.45 53.09 11.46 
SD 
8.04 8.08 18.81 4.30 2.52 8.78 7.19 9.95 4.40 
Min 
42.35 40.92 -23.53 40.89 48.49 -3.60 39.55 42.10 6.44 
Median 
50.80 52.06 2.63 47.99 50.58 7.25 49.19 55.73 13.29 
Maximum 
61.23 57.58 18.61 53.03 55.59 22.39 53.61 61.46 14.65 
     
Figure 16 represents the mean variance in histogram format for pulmonary function 
analysis of summated lung capacities. 
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Figure 16:  Histogram of the mean variance in the pulmonary function analysis of summated 
lung function  
 
4.7 Summary  
The 12-week intervention programme, on analysis of the results, did not approach 
statistical significance for the variables of anthropometric profile, aerobic capacity and 
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lung volumes identified as determinants of, and factors influencing, the 
cardiorespiratory fitness level of participants with asthma and hence, the subsequent 
severity of this chronic condition. The aim and objectives of the study was to determine 
and document evidence of the comparative effect of a 12-week whole body vibration 
training programme, exercise training programme and control group on the 
anthropometric profile, aerobic capacity, lung volumes and hence, the pulmonary 
capacity in people with asthma. The 44% drop out rate and the subsequent small 
participant group could have partially resulted in the identified variables not approaching 
statistical significance. The author therefore recommends that future research should be 
aimed at implementing a larger population group to determine and contrast effects of 
whole body vibration training and conventional exercise training on persons with asthma.  
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CHAPTER FIVE 
DISCUSSION, CONCLUSION AND RECOMMENDATIONS 
5.1 Introduction 
The motivation for this research study was the comparison of a conventional exercise 
programme with a whole body vibration therapy programme in an attempt to ascertain 
whether an overall efficient mode of exercise existed that could serve to improve health 
and pulmonary parameters in persons with asthma. The rationale behind this study was 
to identify a mode of training which could potentially break the self-limiting cycle of 
physical inactivity often imposed on themselves by people with asthma due to the 
negative effects of asthmatic exacerbations and exercise-induced bronchospasms.  
 
Roelants et al., (2004:908) found evidence that whole body vibration therapy could be 
the answer to the problem, as this modality minimized the need for conscious exertion 
and stress on the musculoskeletal, respiratory and cardiovascular systems. Roelants et 
al., (2003:3) also established that whole body vibration training offered a host of benefits 
such as improvements in muscle strength, flexibility, range of motion, bone density and 
cardiovascular improvements. Thus, it can be assumed that this modality would be 
effective in producing less severe exercise-induced asthmatic exacerbations, and thus 
contribute to a continued participation in an exercise training programme. 
 
The study therefore served to substantiate whether the whole body vibration technology 
had the potential to provide an effective mode of exercise that would limit the barriers to 
physical activity often put forward as reasons to avoid physical activity, such as inclement 
weather conditions, family and work conditions, time constraints, and asthmatic 
exacerbations in addition to providing health benefits, particularly improvements in lung 
capacities and volumes.   
 
As whole body vibration therapy is a relatively new mode of exercise training, the number 
of exercise guidelines as to the training programme best suited to asthmatic participants 
which would produce improvements in cardiorespiratory and cardiovascular fitness, was 
limited. Cardiovascular guidelines were, however, briefly outlined in the Power-plate® 
manual. These were combined with the guidelines provided by the “ACSM’s Exercise 
Management for Persons with Chronic Diseases and Disabilities” (Clark in Durstine and 
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Moore, 2003: 107) to establish an asthma-appropriate exercise programme based on 
whole body vibration technology. 
 
5.2 Frequency, intensity and duration parameters of the whole body vibration and 
conventional exercise programmes 
Worsnop (2003:421-422) found that most people with asthma were not participating in 
adequate levels of physical activity and that low levels of physical activity had also been 
linked to the development of hypertension, cholesterol, diabetes and obesity, as well as 
an increase in the rate of mortality and morbidity. In the light of this, Hoeger and Hoeger 
(2009:291) suggested that exercise prescription should focus on improvements in 
cardiorespiratory function, strength and endurance, flexibility, neuromuscular and 
functional training with warm-up and cool-down phases incorporated into the programme 
to ensure continued physical activity by the asthmatic person.  
 
Designed according to the frequency, intensity, duration and timing (FITT) principles 
outlined in the “ACSM’s Exercise Management for Persons with Chronic Diseases and 
Disabilities” (Clark in Durstine and Moore, 2003:107), the whole body vibration and 
conventional exercise programme was developed with the emphasis on a full body 
training programme incorporating large muscle activities performed at moderate intensity 
for 30 minutes on all, or most, days of the week. Participants were required to complete 
either the whole body vibration or the exercise training programme a minimum of twice, 
and a maximum of four times a week for the purposes of this study.  
 
Initially, the whole body vibration training exercises started on a frequency of 30 hertz low 
amplitude, for a 30 second duration per exercise to allow the participants to adapt to the 
frequency of the vibration. However, the programme became progressively more intense 
with the inclusion of mostly dynamic movements (slow, small, and controlled 
movements), resulting in longer sessions lasting approximately 30 to 45 minutes with no 
rest intervals between each exercise. This is consistent with the information provided by 
Power-plate® for appropriate cardiovascular training on whole body vibration plates. 
Because the conventional exercise group did not make use of vibration therapy in its 
training programme, only the duration and movement requirements for each exercise 
were adhered to, while the frequency and amplitude variations were not relevant for this 
specific group.  
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The programme outlines for both the whole body vibration and conventional exercise 
training groups were consistent with the research provided by the ACSM (Clark in 
Durstine and Moore, 2003:107) for the development of health related benefits for people 
with asthma. 
 
5.3 Effects of a 12-week exercise training programme on the aerobic capacity of 
asthmatic participants 
The relationship between asthma and exercise, as found by Weisgerber et al., 
(2003:453-454), demonstrated many benefits including an increased aerobic capacity 
and cardiovascular fitness, improved symptom control and increased self-confidence. 
Ram et al., (2000:162) reported that people with asthma who participated in training 
programmes experienced a subjective symptomatic improvement when physically active 
and once an adequate physical fitness level had been attained.  Milgrom and Taussig 
(1999:1-5) pointed out that in the above-mentioned relationship, increases in the physical 
fitness levels of people with asthma served to increase oxygen consumption and uptake, 
reduce ventilatory requirement and reduce cardiac frequency and lactic acid production 
at any given workload, thereby raising exercise tolerance and capacity.  
 
Neder et al., (1999:202-206) found that, although the respiratory system and 
consequently baseline lung capacities and volumes were largely insensitive to aerobic 
training effects, improvements in muscular capilliarisation, oxidative capacity, muscular 
strength and cardiocirculatory adjustments were likely to occur with participation in 
regular exercise. Improvements in the aforementioned factors would also result in 
improvements in the overall functionality of the auxiliary respiratory muscles, particularly 
the abdominal and intercostal muscles, thereby increasing the cardiorespiratory fitness 
level of the person with asthma. Similarly, while no consistent evidence was found by 
Milgrom and Taussig, (1999:1-5) that physical training decreased the incidence of 
exercise–induced asthma or improved pulmonary function, it did however allow an 
increase in exercise load to occur before the threshold for exercise-induced asthma was 
attained.  
 
The study found that mean aerobic capacity for whole body vibration training increased 
by 30.77% following the 12-week intervention programme, in comparison to the 10.08% 
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and 8.24% increase in the exercise and control groups respectively. Although the 
results of this study did not approach practical or statistical significance, the researcher is 
of the opinion that those obtained may validate future research in the area of aerobic 
capacity studies in people with asthma, since they accord with the findings of Delecluse 
et al., (2003:1040), who had explained that the increase in aerobic capacity and the 
concurrent lack of exhaustion of participants in whole body training was attributable to 
the fact that the vibration therapy served to elicit involuntary muscle contractions. In 
addition, strength gains in relatively short periods of time with limited effort on the part of 
the participant were obtained. 
 
Roelants et al., (2004:1-5) ascertained that strength gains obtained in response to 
vibration training were comparable to increases following a standard fitness training 
programme consisting of cardiovascular and resistance training.  Hence, whole body 
vibration training may become an effective mode of training for asthmatic patient, as he 
or she could obtain increases in physical fitness without the debilitating effects of 
exercise-induced bronchospams.  
 
5.4 Effects of a 12-week exercise training programme on the lung volumes and 
capacities of asthmatic patients. 
Howley and Franks (2003:331) stated the importance of pulmonary rehabilitation 
programmes in the management and maintenance of a person with asthma. Although 
their research emphasised that rehabilitation programmes provided little improvement in 
VO2max, lung function testing or mortality rates, they felt that the rehabilitation programme 
should focus on improvements in quality of life and the ability to perform the activities of 
daily living. Worsnop (2003:421-422) argued that people with asthma had been shown to 
have reduced peak O2, not because of ventilatory limitation from their condition, but 
because of a reduction in physical activity levels and subsequently lowered fitness. 
Similarly, Neder et al., (1999:202-206) found an association between aerobic 
improvement and a reduction in the use of inhaled and oral steroids, thus indicating that 
participation in regular physical activity could potentially improve the severity of the 
existing asthmatic condition. 
 
The results of a study by van Veldhoven et al., (2001:360-370) showed impressive 
effects of the intervention programme on the physical condition with improvements of 7% 
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for VO2max (oxygen uptake) on the maximal workload and a significant decrease in 
submaximal heart rate of 6%. Furthermore, meaningful effects of the intervention were 
seen in the coping ability of the participants with this chronic condition. Weisgerber et al., 
(2003:457) documented similar findings with improvements in cardiorespiratory fitness 
and physical conditioning through increases in maximal oxygen consumption (VO2max), 
higher work capacities and increases in external workload at a given heart rate. 
Improvements in respiratory parameters also included decreased minute ventilation (VE) 
at a given submaximal exercise workload, increased maximal voluntary ventilation, a 
decrease in dyspnoea index, and decreased breathlessness, thus confirming the positive 
effect that exercise may have on the cardiorespiratory fitness level of the person with 
asthma and the underlying severity of this chronic condition.  
 
All the above verifies the importance of the pulmonary variables identified in this study, in 
which, inter alia, the results for the various pulmonary variables indicated for the mean 
peak flow measurements over the 12-week intervention programme showed an increase 
in mean peak flow measurement of 1.56% for the whole body vibration group, an 
increase in mean peak flow measurement of 0.89% for the exercise group and an 
increase of 4.26% for the control group. 
 
Forced vital capacity results produced a mean increase in forced vital capacity of 13.51% 
for the whole body vibration group, an increase in mean forced vital capacity of 25.32% 
for the exercise group and an increase of 34.59% in the pre-evaluation and post-
evaluation measurements reported for the control group. The mean vital capacity for the 
whole body vibration and control group increased by 3.36% and 13.21% respectively, but 
showed a decrease of 4.93% in the mean vital capacity for the exercise group. 
 
Minute ventilation results showed that the whole body vibration group underwent a 
13.18% decrease, while the exercise group had an increase of 12.33% and the control 
group had a decrease of 0.30% over the intervention period. The mean for minute 
ventilation residual reserve for the whole body vibration therapy and the control group 
decreased by 9.22% and 7.58% respectively, while that for the exercise group increased 
by 6.18% during the 12-week intervention programme. Similarly, a decrease in mean 
minute ventilation tidal volume of 13.86% for the whole body vibration group was 
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documented, while an increase in mean minute ventilation tidal volume of 12.18% 
and 7.83% was found for the exercise group and control group respectively. 
 
Whole body vibration had an increase in mean maximal voluntary ventilation of 27.23%, 
while the experimental group had an increase of 26.89% and the control group had an 
increase of 35.99%. Maximal voluntary ventilation residual reserve showed an increase 
of 32.10% for the whole body vibration group, an increase of 3.73% for the exercise 
group and an increase of 23.34% for the control group. The mean maximal voluntary 
ventilation tidal volume showed an increase of 6.43% for the whole body vibration group, 
an increase of 20.66% for the exercise group and an 11.64% increase for the control 
group was reported during the pre-evaluation and post-evaluation measurements. 
 
The results indicated an increase of 0.09% for mean summated lung capacity for the 
whole body vibration group; an increase of 8.02% for mean summated lung capacity for 
the exercise group and an increase of 11.46% for the mean summated lung capacity for 
the control group. 
 
The above indicates that, although the research results did not approach statistical or 
practical significance, there may be a positive relationship between exercises, particularly 
whole body vibration training, on the pulmonary variables identified in this study. Debusk 
et al., (1990:1010) found that multiple short bouts of moderate intensity exercise 
increased peak oxygen consumption by 57% more in comparison to single long bouts of 
exercise of the same total duration. Ram et al., (2000:162) surmised that regular 
performance of exercise training in the form of respiratory muscle strengthening might 
also reduce the perception of breathlessness. Therefore, prolonged exposure to whole 
body vibration training could produce improvements in lung functional capabilities; 
however this needs to be verified in future studies incorporating larger participant groups. 
 
5.5 Effects of a 12-week exercise training programme on the body composition of 
asthmatic patients. 
Ford (in Worsnop, 2003:421-422) claimed that a compounding consideration for   
participation in physical activity was the weight loss associated with an increase in 
physical activity levels. A reduction in body mass index through weight loss might 
improve asthma control and reduce the breathlessness that is often associated with 
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participation in exercise. According to Clark (in Durstine and Moore, 2003:150), the 
significance of determining body composition lies in the fact that excess body weight 
lowers the physical work capacity of the person. The excess body fat being carried may 
also impair the person’s oxygen uptake ability resulting in breathlessness and 
subsequent dyspnoea. 
 
Cullinen and Caldwell (1998:414) examined the relationship between body composition 
and aerobic capacity and the subsequent effects on the underlying asthmatic condition. 
These authors conducted a 12-week moderate-intensity, progressive resistance weight 
training programme. Results indicated that a moderate-intensity resistance training 
programme increased the fat-free mass and decreased body fat in normal weight young 
women. Favourable changes in body composition without dietary restrictions were 
obtained, but the resting metabolic rate remained unchanged.  This indicated that 
performance of regular aerobic activities may serve to improve body composition and 
therefore reduce the incidence of asthmatic exacerbations and the perception of 
breathlessness. 
 
This study made use of a mass measurement, height measurement, percentage body fat 
and waist-to-hip ratio to determine the relative body composition of the asthmatic 
participants. 
 
The mean mass (weight) for the whole body vibration group showed a decrease of 
0.39% during the 12-week intervention programme, while the exercise group and control 
group showed an increase in mean mass of 1.29% and 1.85% respectively. These 
results may indicate a positive correlation between weight loss and participation in a 
whole body vibration training programme. 
 
A 0.01% decrease in height was found in the whole body vibration group, while an 
increase of 0.18% was reported in the exercise group. A reduction of 0.65% in the mean 
height was evident in the control group. As an adult participant group was used for the 
study, no height variations were expected apart from the aforementioned diurnal 
variations. 
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Percentage body fat results showed an increase of 1.52% for the whole body 
vibration group, with a comparative increase of 5.63% in the percentage body fat of the 
exercise group and a similar increase of 5.16% in the control group. 
 
Waist-to-hip ratio measurements produced a decrease of 1.56% in the whole body 
vibration group and a decrease of 0.82% in the exercise group but an increase of 2.05% 
in the control group. This indicates that exercise training, whether in the form of whole 
body vibration training or conventional exercise, may assist in reductions in waist-to-hip 
ratio in persons with asthma.  
 
The results of this study, despite some positive correlation between whole body vibration 
training and decreases in mass and waist-to-hip ratio, did not approach statistical or 
practical significance. The reason for this could be due to the small participant group, but 
diurnal variations in mass and height measurements could also have contributed to the 
statistical and practical insignificance. Despite the results, the researcher feels that the 
influence of whole body vibration therapy on weight loss in people with asthma should be 
investigated in future studies. 
 
5.6 Effects of a 12-week exercise training programme on the posture analysis of 
asthmatic patients. 
Kendall et al., (2005:59) defined good posture as a state of muscle and skeletal balance 
which protects the supporting structures of the body against injury or progressive 
deformity. Under such favourable conditions, the muscles function more efficiently and 
optimum positions are realised for the thoracic and abdominal regions. According to the 
authors, thoracic kyphosis is known to alter the shape of the thoracic cage, increase the 
anterior-posterior diameter of the thorax (thus reducing the distance between the 
xiphisternum and pubis) and alter the position of the ribcage so that it surrounds the 
abdominal cavity.  
 
Sanches et al., (in Reno et al., 2005:114), found that the resultant spinal deformity and 
alterations in the ribcage produce a decrease in rib mobility and hence an impairment in 
the mechanics of the respiratory system, thus placing the respiratory muscles at a 
mechanical disadvantage and resulting in a decrease in respiratory muscle strength.    
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One of the aims of the study’s intervention programme was therefore focused on 
determining and documenting existing improvements in muscle control and existing 
postural deviations through the performance of specific exercises. The implementation of 
stretches in this study was prompted by Hoeger and Hoeger (2009:193). According to 
these authors, mild stretching exercises serve to increase the extensibility of the muscles 
and connective tissue, extend joint range of motion and enhance muscular activity in 
preparation for vigorous aerobic or strength training exercises. Tortora and Grabowski 
(2003:313) wrote that an additional benefit of a flexibility regimen is the ability to reduce 
the effects of gravitational forces acting on the body, and the effects of improper posture 
due to incorrect alignment of soft tissues, and therefore it is instrumental in improving 
and maintaining good posture.  
 
Winett and Carpinelli (2001:503) found that regular performance of resistance training 
may result in profound effects on the musculoskeletal system and thereby contribute to 
the maintenance of functional abilities and the prevention of osteoporosis and 
sarcopenia, with their accompanying falls, fractures and disabilities, as well as the 
postural abnormalities that may accompany the aforementioned conditions. 
 
In this study, the 12-week intervention programmes produced results indicating a 4.15% 
increase in posture in the whole body vibration group, a decrease of 2.50% in the 
exercise group, and an increase of 1.09% in the control group. This raises the question 
as to whether whole body vibration training provides a greater postural stimulus due to 
the influences of the vibrations on muscle positioning. 
 
Flexibility, as emphasised by Earle and Baechle (2004:268), is an important aspect of 
any training programme as optimum flexibility serves to eliminate awkward and inefficient 
movement by allowing joints to move through a full normal range of motion, thereby 
reducing the occurrence of age-related loss of axial skeleton mobility. Fatouros et al., 
(2002:112-119) asserted that deficits in joint function may increase the likelihood of 
alterations in stability and proprioception and result in a deterioration of the ability to 
perform functional activities, with subsequent health status implications.  Therefore, 
despite the fact that the results of the study do not approach statistical or practical 
significance, flexibility exercises should be incorporated in the training programme to 
improve posture. The effect of whole body vibration on flexibility and resistance training 
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and subsequent improvements in posture for the person with asthma should be 
considered for future studies. 
 
5.7 Comparative effects found between the whole body vibration and experimental 
groups  
The above-mentioned results indicate that whole body vibration training produces mean 
increases in aerobic capacity, peak flow measurements, forced vital capacity, maximal 
voluntary ventilation, including maximal voluntary ventilation residual reserve, maximal 
voluntary ventilation tidal volume and summated lung capacity measurements 
comparable to those improvements produced by the exercise intervention programme. 
The results validate the increase in cardiorespiratory fitness that occurs when sedentary 
participants start an intervention programme, which is why slight increases from the 
baseline lung capacities were seen in both the whole body vibration group and exercise 
group. However, the control group also displayed improvements in these variables, which 
could be potentially attributed to an increased awareness of the existing asthmatic 
condition and breathing patterns by participants who could not complete the 12-week 
intervention programmes.  
 
Minute ventilation measures including minute ventilation residual reserve and tidal 
volume showed decreases in the whole body vibration group, but increased in the 
exercise group. The reduction in minute ventilation may be due to a reduced need for 
increases in the breathing rate as a result of improvements in muscular capilliarisation, 
oxidative capacity, muscular strength and cardiocirculatory adjustments during the 
performance of whole body vibration training as ascertained by Neder et al., (1999:202-
206). 
 
5.8 Barriers and adherence factors 
This study also outlined several barriers and adherence factors that contribute to the 
failure of people with asthma to participate in regular physical activity and exercise 
modalities. One of the main barriers to participation in exercise was that people with 
asthma who are prone to the development of exercise-induced asthmatic exacerbations 
avoid intense exercise to prevent the onset of asthmatic symptoms. Roelants et al., 
(2004:1-5) found that while most sedentary people would not immediately be attracted to 
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intense physical activity, whole body vibration training might reduce the resistance to 
starting an exercise programme. Similarly, Roelants et al., (2004:908) emphasised the 
future importance of whole body vibration, as the need for conscious exertion and stress 
on the musculoskeletal, respiratory and cardiovascular systems is minimised.  The 
results of this study confirmed these statements as it was found that a large number of 
people with asthma, particularly young adults attending university, were currently 
participating in a form of low to moderate intensity physical activity or exercise such as 
sport, but that older adults who were more sedentary, were not participating in an 
adequate amount of physical activity.  
 
Other barriers to physical activity and exercise participation outlined in this study were 
the influence of extreme weather conditions, the lack of time or motivation due to other 
co-existing obligations, the expense of participating in physical activity in an indoor facility 
and additional transportation costs as outlined by Worsnop (2003:421-422). A subjective 
deduction made during this study was that the participants in the exercise group 
appeared more motivated to participate in the intervention programme, but this could be 
attributed to the fact that they were permitted to perform the whole body vibration training 
programme on completion of the 12-week exercise intervention programme. This was 
confirmed by the fact that a larger group of people from the exercise intervention 
programme completed the whole body vibration training programme than those originally 
allocated as participants in the latter. 
 
As the whole body vibration intervention sessions each lasted only 30 minutes, one of 
the benefits lay in the reduction in time needed to complete a full vibration training 
programme in which endurance and resistance training were completed simultaneously 
as recommended by Howley and Franks (2003:335) and Debusk et al., (1990:1010). 
Although the exercise intervention programme in this study also lasted 30 minutes, 
increases in future training intensities would necessitate increases in both training 
duration and intensity, thus lengthening the session, while increases in intensity and 
duration for whole body vibration training could be accommodated through increases in 
vibration duration, frequency and amplitude, thereby maintaining the exercise duration at 
30 minutes. 
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Fitch (2001:904) observed that a large number of exercising asthmatics exhibited an 
inferior motor coordination, thus influencing the recorded values of physical work 
capacities, while Rittweger et al., (2000:140-141) found that subjects became more 
rapidly accustomed to the whole body vibration exercise session in comparison to those 
in the conventional training session. However, the whole body vibration training used in 
this study eliminated these poor motor coordination patterns as each exercise session 
was performed under controlled conditions under the direct supervision of a biokineticist 
or biokinetics postgraduate student, which ensured that all participants performed all the 
exercises correctly, safely, and at an optimal intensity level to achieve health related 
benefits.  
 
5.9 Conclusion 
There were many similarities in the effects of exercise on the pulmonary variables of 
people with asthma between participants in the whole body vibration and exercise 
groups, but slight improvements were seen in those of the former in comparison to those 
subjected only to exercise and to those in the control group who led a sedentary lifestyle. 
This result is an indicative motivation for the use of whole body vibration training as a 
training modality in the rehabilitation and improvement of existing asthmatic conditions. 
 
Based on the aforementioned results, the conclusion could be reached that whole body 
vibration therapy and conventional exercise were both effective modes of training to 
improve the cardiorespiratory fitness level of people with asthma, but since the results of 
the study did not provide sufficient practical or statistical significance to verify the 
assumption that whole body vibration training is a superior mode of training to 
conventional exercise training, the significance of whole body vibration training on the 
pulmonary variables of people with asthma could not be determined. The researcher 
recommends that future studies be employed to verify whether whole body vibration 
training incorporating larger participant groups could produce significant improvements in 
pulmonary variables of people with asthma. 
 
5.10 Recommendations for future research 
There is a need for future research to determine the effect of whole body vibration 
training on the aerobic capacity of people with asthma. These studies should include a 
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broad base of pulmonary variables such as those included in this study, as well as 
measures for forced expiratory volume in 0.1 and 0.5 seconds, peak expiratory flow rate, 
forced expiratory flow rate, expiratory reserve volume and inspiratory reserve volume.   
 
The researcher recommends that study designs and exercise programme prescriptions 
for whole body vibration training should be established, with relative pre-set heart rate 
targets based on age-adjusted maximal heart rate values laid down to guide the exercise 
programme intensity for the asthmatic person. This would provide the basis for aerobic 
training at appropriate heart rate values without precipitating the onset of exercise-
induced bronchospasms or asthmatic exacerbations. 
 
The effect that whole body vibration as a training modality has on the anthropometric 
measures of fat mass and lean muscle mass needs to be established and quantified. The 
anthropometric measures should also include the positive or negative effects of whole 
body training on the patient’s waist-to-hip ratio, body mass index and mean weight. 
 
Very little research is available on the effect of whole body vibration training on special 
population groups, particularly on those who participated in this study. The researcher 
therefore recommends that future studies focus on documenting the comparative effects 
of various training modalities and whole body vibration training with reference to 
reductions in exercise-induced bronchospasms, barriers to participation in a particular 
exercise structure and the adherence benefits of various training modalities. 
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Dear Reader 
 
You are being asked to participate in a research study. We are going to give you information 
that will help you understand, its purposes and aim. It will also explain what you will be asked 
to do during the study, the risks and the benefits, and your rights as a participant in this 
research project.  
 
Whole Body Vibration (WBV) therapy is a 
new neuromuscular training method that is 
applied to training both the general and 
the special population. WBV provokes 
muscle length changes which stimulate 
sensory receptors, the muscle spindle, 
thereby eliciting a tonic vibratory reflex.  
 
It exploits the body's innate reflexive 
response to disruptions in stability in order 
to stimulate and enhance muscle strength 
and performance. The WBV device 
produces a vibration through which energy 
is transferred to the body. This mechanical 
stimulus produces a stretch reflex which, 
depending on the frequency, results in 
rapid and intense muscle contractions 30-
50 times per second.  
 
Vibration training on this device offers 
a host of benefits such as considerably 
improving muscle strength, flexibility, 
range of motion, bone density, and 
stimulating blood circulation. Additionally, 
studies have proven that this mode of 
training has the ability to reduce muscle 
pain and soreness, and expedite the 
recovery of damaged muscles and 
tendons.  
 
The nature of the study is experiment with 
a sample of adults who have been 
diagnosed with asthma. We will measure 
your baseline cardiovascular fitness, body 
composition, peak flow measurements and 
pulmonary function, through a number of 
comprehensive and reputable tests. A 12 
week Whole Body Vibration (WBV) 
training program in the form of power-plate 
will then be provided to you to be 
completed 3 times a week, which you 
need to comply with throughout the study. 
Thereafter a follow-up evaluation will be 
conducted to measure the above-
mentioned parameters and their 
fluctuations.  
 
We are also looking for a sample of 
asthma patients that will act as a 
comparison group. This group will be 
required to participate in an identical gym 
program based on the exercises 
performed on the power-plate. 
 
Both groups will be required to participate 
in an initial assessment and the 
subsequent thrice weekly gym or power-
plate sessions. A pre-requisite is that all 
participants should perform no other sport 
or physical activity during the 12 week 
period in an attempt to standardise the 
amount of exercise each participant 
performs A follow-up assessment will be 
conducted after the 12 weeks duration to 
determine if there were any significant 
fluctuations that could be attributed to 
either the gym or power-plate sessions.  
 
Participation in research is completely 
voluntary. If you do partake, you have the 
right to withdraw at any given time during 
the study. Although your identity will, at all 
times remain confidential the result of the 
research study may be presented at 
scientific conferences or in a specialist 
publication. 
  
There are no monetary costs liable to 
you if you do wish to partake in this 
study. All power-plate and gym 
sessions related to this study will be 
provided to the research participants at 
no cost to themselves.  
 
If you are interested in participating in this 
research project, you may contact me at: 
041 504 2603 (W) or 084 4064 369 or 
alternatively send me a sms with the 
following information: Your full name and 
surname, a contact number & physical 
address.  
Your time is highly appreciated.  
Kind Regards: Ingrid Mansell (Principle researcher)  
APPENDIX A:  Letter to participants 
 
  
 
 
NELSON MANDELA METROPOLITAN UNIVERSITY 
  
INFORMATION AND INFORMED CONSENT FORM 
 
Title of the research project 
 
Whole Body Vibration Training Effects on Asthma Specific 
Pulmonary Variables 
Reference number (for official use) 
 
 
Principal investigator 
 
Ingrid Mansell 
Address 
 
 
Postal Code 
25 Kragga Kamma Road  
Framesby  
Port Elizabeth  
6045 
 
Contact telephone number 
(private numbers not advisable) 
084 4064 369 
rfmansell@absamail.co.za 
 
 
 
A. DECLARATION BY OR ON BEHALF OF PARTICIPANT 
 (Person legally competent to give consent on behalf of the participant) 
 
Initial 
 
I, the participant and the undersigned  
I.D. number  
OR 
I, in my capacity as 
of the participant 
I.D. number 
 
Address (of participant) 
 
 
 
(full names)   
 
 
 
 
 
 
 
 
 
 
A.1 I HEREBY CONFIRM AS FOLLOWS: 
 
1. I, the participant, was invited to participate in the above-mentioned research project that is being 
 undertaken by 
 
 of the Department of  
 in the Faculty of 
 
 of the Nelson Mandela Metropolitan University. 
 
 
 
Ingrid Mansell 
Human Movement Science 
Health Sciences 
 
 
2. The following aspects have been explained to me, the participant: 
 
APPENDIX B:  Informed consent 
 
 2.1 Aim:  The investigators are studying:  The aim of the study is to document the evidence of the effect 
of a twelve week aerobic power-plate programme on the lung volumes and hence the pulmonary capacity in 
people with asthma.  
   
     The information will be used to/for: the advancement of healthcare and related fraternities 
 
 
2.2 Procedures:  I understand that I will have to undergo a pre assessment, followed by a 12 week 
intervention while monitoring changes in test results and a post- test physical fitness and pulmonary variable 
assessment. 
 
 
2.3 Risks: Experiencing asthmatic symptoms or exacerbations during the or after the exercise session 
on the power-plate. 
 
 
 
2.4 Possible benefits:  As a result of my participation in this study I expect to gain physical fitness 
benefits as well as contribute to the improvement of healthcare. 
 
 
 
2.5 Confidentiality:  My identity will not be revealed in any discussion, description or scientific 
 publications by the investigators. 
 
 
 
2.6 Access to findings:  Any new information/or benefit that develops during the course of the study 
will be shared as follows:  either by email, telephonically or in person before the exercise training session. 
 
 
 
2.7 Voluntary participation/refusal/discontinuation:   
 
 My participation is voluntary 
 
 My decision whether or not to participate will in no way affect my present or future 
 care/employment/lifestyle  
 YES  NO 
 TRUE  FALSE 
 
 
3. The information above was explained to me/the participant by 
 
 
 
 in  
 
 and I am in command of this language/it was satisfactorily translated to me by 
 
  
 
 I was given the opportunity to ask questions and all these questions were answered satisfactorily. 
(name of relevant person)    
Afrikaans  English  Xhosa  Other  
(name of translator)    
 
 
4. No pressure was exerted on me to consent to participation and I understand that I may withdraw at 
 any stage without penalisation. 
 
 
 
5. Participation in this study will not result in any additional cost to myself. 
 
 
 
 
 
 
 
 A.2 I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE-MENTIONED 
 PROJECT  
 
 Signed/confirmed at  
  
 
 
 
Signature of witness 
 
 
 
 
 
 
Signature or right thumb print of participant 
 
 
 
Full name of witness  
 on  20 
 
 
B. STATEMENT BY OR ON BEHALF OF INVESTIGATOR(S) 
 
I, Ingrid Mansell…………….…………declare that 
 
- I have explained the information given in this document to 
 
 
 and/or his/her representative 
    
(name of representative) 
 
- he/she was encouraged and given ample time to ask me any questions; 
 
- this conversation was conducted in  
 
 and no translator was used / this conversation was translated into  
 
(language)    by 
 
- I have detached Section D and handed it to the participant  
 
 Signed/confirmed at  
    
 
 
Signature of witness 
 
 
 
 
Signature of interviewer 
 
 
Full name of witness  
(name of patient/participant) 
Afrikaans  English  Xhosa  Other  
 YES  NO 
 on  20 
 
 
C. IMPORTANT MESSAGE TO PATIENT/REPRESENTATIVE OF PARTICIPANT 
Dear participant/representative of the participant 
 
Thank you for your/the participant’s participation in this study.  Should, at any time during the study: 
 
- an emergency arise as a result of the research, or 
- you require any further information with regard to the study, or 
- the following occur 
 
 
 
  
 
 
 (indicate any circumstances which should be reported to the investigator) 
 
 
 Kindly contact  
 at telephone number 
 (it must be a number where help will be available on a 24 hour basis, if the research project warrants it) 
Ingrid Mansell 
O84 4064 369 
 
 
  
 
 
Physical activity selection criteria questionnaire (PAR-Q) 
 
Name & Surname ………………………………………….     ID number ………………………… 
Age …………….      Participant address …………………………………………………………… 
Participant phone number …………………………………. Email address……………………… 
 
Please read the following and tick the appropriate box if it applies to you 
Cardiac disease risk factors                              (please tick the option that applies to you) 
Pacemaker Heart attack Bypass 
surgery 
Angina stoke Other heart 
problems 
Shortness of 
breath 
Dizziness Palpations Ankle 
edema 
Stroke Claudication Shoulder 
pain 
Neck pain Back pain Knee pain Hip pain Osteoporosis Osteoarthritis 
Ankle pain Polio Epilepsy cancer Multiple 
sclerosis 
Muscular 
dystrophy 
Parkinsons ME asthma Hernia Do you have 
flu? 
Are you 
pregnant? 
 
Any the pain/ injury?  
Any previous 
surgery related to 
your asthmatic 
condition? 
 
 
Exercise habits (please insert the name of your current activity in the relevant blocks) 
Frequency < 1 
/week 
 2 / 
week 
 3 / 
week 
 > 3 / 
week 
 > 5 / 
week 
 
Duration 0 min  15 
min 
 30 min  > 30 
min 
 > 60 
min 
 
Intensity No 
exertion 
 low  Mod-
erate 
 high  Very 
high 
 
List of medication specific to the asthmatic condition including name of medication and 
dosage. 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
……………………………………………………………………………………………………… 
APPENDIX C:  Physical activity selection criteria questionnaire 
 
How frequently do you experience asthmatic exacerbations, attacks or symptoms? 
> 3 times 
per day 
Once a day < 1 per 
week 
1 or more 
times a month 
< 1 per 
month 
< I per year 
 
How often do you take your asthma medication?  
> 3 times 
per day 
Once a day < 1 per 
week 
1 or more 
times a month 
< 1 per 
month 
< I per year 
 
Have you been hospitalised within the last six months with 
your asthma? 
Yes No 
Are you currently undertaking any other therapeutic treatment 
for your asthma symptoms? (including acupuncture, 
hydrotherapy etc.)  
Yes No 
 
How would you classify your prevailing asthma severity?               (Please tick your selection) 
1) Mild intermittent 
asthma 
2) Mild persistent 
asthma 
3) Moderate 
persistent asthma 
4) Severe persistent 
asthma 
- Symptoms occur 
on average less than 
twice a week, 
 
- No symptoms and 
normal peak 
expiratory flow (PEF) 
rate are evident 
between attacks, 
 
- Brief exacerbations 
last from a few hours 
to a few days and 
may vary in intensity, 
 
- Night time 
symptoms occur less 
than twice a month. 
 
- Symptoms occur 
less than twice a 
month, 
 
- Exacerbations 
affect activity, 
 
- Night time 
symptoms occur 
more than twice a 
month. 
 
- Daily symptoms, 
 
- Daily use of short 
acting beta2 agonist, 
 
- Exacerbations affect 
activity, 
 
- Exacerbations occur 
more than twice a 
week or persist or 
days, 
 
- Night time 
symptoms occur 
more than once a 
week.                             
 
- Continual symptoms, 
 
- Exacerbations limit 
physical activity, 
 
- Frequent 
exacerbations, 
 
- Frequent night time 
symptoms. 
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  REF NO: For office use 
 
APPLICATION FOR APPROVAL: NMMU RESEARCH ETHICS COMMITTEE (HUMAN) 
1. Any project in which humans are the subjects of research, hereafter called a study, requires completion of this form and 
submission for approval to the RESEARCH ETHICS COMMITTEE (HUMAN) (REC-H). 
2. The faculty through the Faculty RTI Committee and Head of Department (or other intra-faculty academic unit) should 
approve research proposals before submission to the Ethics Committee. 
3. Each faculty has the primary responsibility for ensuring that human subjects used in research in their faculties are 
protected adequately by the application of the appropriate code applicable to the relevant profession. 
4. How to proceed: i) Read the Code of Conduct for Researchers at the Nelson Mandela Metropolitan University, available 
on the Intranet (Official Stuff|Policies|Official NMMU Policies|RTI|Research Ethics).  ii) Open a copy of the application 
form (this file “REC-H Human Ethics Application Form.doc”) from the Intranet, and "Save as" the file with a filename 
containing your name (e.g. “J Smith REC-H Human Ethics Application Form.doc”).  iii) Complete Sections 1 to 8 
in typescript (Tab between fields, select from pull-downs, information may be pasted from existing Word® 
documents), and save (ensuring the filename contains your name).  iv) Append the necessary information, e.g. an 
Informed Consent form (use Document D/497/05 "REC-H Informed Consent Pro-forma" as a basis, and modify to suit 
your requirements)   v) Email the files to Belinda.duPlooy@nmmu.ac.za.   
5. Print the document, get each page initialled on the lower right hand corner and get Sections 9 and 10 signed by the 
relevant parties. 
6. Hand the signed hardcopy and attachments in at the Department of Research Capacity Development.   
 
1. GENERAL PARTICULARS 
a) Concise descriptive title of study (must contain key words that best describe the study):    
Aerobic whole body vibration training effects on asthma specific pulmonary variables. 
b) Name of primary responsible person (PRP) (must be member of permanent staff.  Usually the supervisor in the case of students):   
Dr Maryna Baard        
c) Contact number/s of PRP:  041-5044518 
d) Affiliation of PRP: Faculty Health Sciences; Department (or equivalent):Human Movement Sciences 
e) Name and affiliation of principal investigator (PI) / researcher (may be same as PRP):   
 Ingrid Mansell  Gender: Female 
f) Name(s) and affiliation(s) of all co workers (e.g. co-investigator / assistant researchers / supervisor / co-supervisor / promoter / co-
promoter) .  If names are not yet known, state the affiliations of the groups they will be drawn from, e.g. Interns / M-students, etc. 
and the number of persons involved:   
N/A 
g) Scope of study:  Local h) If for degree purposes: Masters 
i) Funding : NMMU Research Grant   
Additional information (e.g. source of funds or how combined funding is split)  NRF prestigious and equity grant and 
NMMU postgraduate research sholarships      
j) Are there any restrictions or conditions attached to publication and/or presentation of the study results? NO   
If YES, elaborate: (Any restrictions or conditions contained in contracts must be made available to the Committee)        
k) Date of commencement of study: 23 January 2007   Anticipated duration of study: 16 December 2008 
l) Objectives of the study (the major objective(s) / Grand Tour questions are to be stated briefly and clearly):  
1.)To explore and describe any significant changes in the aerobic capacity after a twelve 
week aerobic whole body vibration therapy program. 2.)To explore and describe changes 
in the lung volumes of asthmatic patients following the twelve week aerobic whole body 
vibration therapy program. 3.) To explore and describe any significant changes in body 
composition that could assist improvements aerobic capacity. 4.) To explore and describe 
improvements in posture that could assist improvements in aerobic capacity. 5.) To 
explore and explain comparative differences that exists between the control and 
experimental groups.  
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m) Rationale for this study: briefly (300 words or less) describe the background to this study i.e. why are you doing this particular 
piece of work.  A few (no more than 5) key scientific references may be included:    
According to World Health Organization (WHO), at least 300 million people suffer from 
asthma worldwide and 255 000 people died of asthma in 2005. Asthma also remains one 
of the most common chronic diseases in children (Welsh, Roberts & Kemp. Sports 
Medicine 2004; 34 (13) 861-870). A study conducted by De Marco, Locatelli , Cazzoletti, 
Bugianio , Aurelia and Marinoni (2005) stated that the incidence of asthma is a relevant 
public health problem in young adults and that the likelihood of developing adult onset 
asthma is significantly higher in people suffering from allergic rhinitis and mild asthma-
like symptoms, in women and in more recent generations. Asthma is currently under-
diagnosed and under-treated, creating a substantial burden to individuals and families 
and possibly restricting individuals’ activities for a lifetime. If urgent action is not taken, 
mortality rates from asthma will increase by 20% in the next ten years (World Health 
Organisation 2005, accessed 17 April 2007). During childhood and adolescence , 
asthmatic individuals seem to have physicl activity levels comparable to those normal 
non-asthmatic population. however, during maturation from adolescence to adulthood 
activity levels may decrease (Welsh et al. 2004;34 (13):861-870) As a result the physical 
conditioning of adults with asthma deteriorates resulting in lower maximal oxygen 
uptake, anaerobic thresholds and oxygen pulses (Welsh et al, 2004:862). The benefits 
derived from physical activity have long been recognised as an essential component of a 
healthy lifestyle (Emtner & Hedin, 2005:123). This opinion is reinforced by Welsh et al. 
(2004:862), whose research states that children and adolescents participating in regular 
physical activity may benefit in the form of increases aerobic fitness, a lowered body 
composition and improved ventilatory capacity and performance. Whole body vibration 
(WBV) is a novel exercise method that exploits the neuromuscular systems ability to 
respond to disruptions in stability in order to stimulate and enhance muscle strength and 
performance. It does this by provoking an energy transfer within the body, by means of 
vibrations, that result in a stretch reflex. Depending on the frequency at which the 
machine is set, the mechanical stimulus will produce varying rapid and intense muscle 
contractions. These contractions may occur at a frequency of up to thirty to fifty times 
per second (Ribot-Ciscar, Rossi-Durand & Jean-Pierre. 1998:149). WBV training offers a 
host of benefits including improvements in muscle strength, flexibility, range of motion, 
bone density and cardiovascular improvements (Roelants, Delecluse, Goris & 
Verschueren. 2003:3). According to the guidelines outlined by the ACSM (2002:110), a 
WBV training program should therefore be an ideal form of exercise for the patient with 
asthma as it incorporates the use of large muscle activities, increases flexibility and 
provides a basis for improving balance and neuromuscular control through the 
disruptions it produces in stability. Little research has however been done on the 
cardiovascular and hence aerobic effects that Power-plate® may have on the lung 
functions of people with asthma. The purpose of this study is therefore to describe and 
document the effect whole body vibration (WBV), in the form of Power-plate® has on 
the pulmonary capacity and subsequent lung functions of people diagnosed with asthma.  
n) Briefly state the methodology (specifically the procedure in which human subjects will be participating) (the full protocol is to be 
included as Appendix 1):  
Research design: The research is a descriptive, exploratory study utilizing a quasi-
experimental approach. Non-randomised sampling will be icorporated to eliminate 
potential effects that other forms of aerobic exercise could have on the study. The 
participants aged 16 to 60, who have been sufering from asthma for more than one 
year, will be matched pair to reduce the likelihood of differences existing between the 
control and experimental group. A comparison pre-test and post-test analysis will be 
performed to determine if the whole body vibration training had any significant effects on 
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aerobic capacity and lung function of the participants. Accidental aswell as snowball 
sampling will be conducted in an effort to obtain participants. Measuring procedures and 
instruments include: Physical Activity Readiness Questionnaire (PAR-Q), Body 
composition assessment including: • Height • Weight •Biceps, Triceps, Subscapular and 
Suprailliac skinfold •Waist and hip circumference• Posture evaluation, Aerobic Capacity 
including: Physical Work Capacity on a cycle ergometer, Peak flow measurements and 
Pulmonary Function Testing through spirometry measurements. Exercise Program: 
Designed according to the frequency, intensity, durations and timing (FITT) principles of 
the ACSM (2002) the exercise program has been developed with an aerobic, full body 
training program in mind. Outlines of the exercise program together with progressions 
have been included in Appendix C.  
o) State the minimum and maximum number of participants involved (Minimum number should reflect the number of participants 
necessary to make the study viable)   Min:   15     Max:   60    
 
 
2. RISKS AND BENEFITS OF THIS STUDY 
a) Is there any risk of harm, embarrassment or offence, however slight or temporary, to the participant, third parties or to the community 
at large.?    YES     
If YES, state each risk, and for each risk state i) whether the risk is reversible,  ii) whether there are alternative procedures available 
and iii) whether there are remedial measures available. 
   Risk of experiencing an asthma attack or symptoms - i and ii) risk is reversible with rest 
or inhalation of short-acting bronchodilators iii) beathing exercises could be performed 
during the exercise with correct inhalation techniques during the exercise to limit the 
exercise-induced bronchospams that may occur.   
b) Has the person administering the project previous experience with the particular risk factors involved?  YES   
If YES, please specify: The researcher has been asthmatic for 20 years and has worked with 
power-plate for one 1 and a half. No severe asthmatic exacerbations have to date been 
experienced by either the researcher or people already using power-plate as a form of 
exercise. If the particiapnt adheres to the execise program frequency, intensity and 
duration, keeps the asthma pump on hand in case of emergecy and does not exercise 
when ill, then no severe asthma exacerbaions should occur. if an emergency situatio does 
occur then the researcher is qualified in first aid and understands the emergency protocol 
to be followed.     
c) Are any benefits expected to accrue to the participant (e.g. improved health, mental state, financial etc.)? YES   
If YES, please specify the benefits:  Exercise training in people with asthma is beneficial in terms of 
improvements in cardiovascular and respiratory conditions, a reduction in EIA, reductions 
in asthma symptoms and subsequent attacks (Emtner and Hedin, 2005:123), reduced 
premature mortality and morbidity from co-existing diseases and an improved ability to 
perform activities of daily living (Ford, Heath, Mannino & Redd, 2003:435). A study by 
Welsh et al., 2005:127 substantiated the above claim by stating the a number of studies 
reported reductions in the hospitalisations, wheeze frequencies, school absenteeism, 
doctor consultations and medication usage.     
d) Will you be using equipment of any sort? YES  If YES, please specify:   Stadiometer for height, scale for weight, 
measuring tape and skin calipers for body composition, posture grid for the asessmen of 
posture, cycle ergometer for aerobic fitness assessment, peak flow meter for peakair flow 
measurement and spirometer for the measurement of lung function capacity.   
e) Will  any article of property, personal or cultural be collected in the course of the project? YES   
If YES, please specify:  Only raw data from the tests will be collected.   
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3. TARGET PARTICIPANT GROUP 
a) If particular characteristics of any kind are required in the target group (e.g. age, cultural derivation, background, physical 
characteristics, disease status etc.) please specify: Disease status: having suffered from asthma for at least 
one year. Age: for match sampling reasons and to determine whether the participant is 
meets the     
b) Are participants drawn from NMMU students?  YES  
c) If participants are drawn from specific groups of NMMU students, please specify: a random sample of people with 
asthma will be obtained by email or accidental/ snowball sampling. the participation will be 
voluntary.   
d) Are participants drawn from a school population?  YES  If YES, please specify: Some participants may come from 
schools across the Port Elizabeth area, but then the parents must sign the informed 
consent form along with the pupil.  Pupils must also fall within the age inclusion criteria.   
e) If participants are drawn from an institutional population (e.g. hospital, prison, mental institution) , please specify:  N/A  
f) If any records will be consulted for information, please specify the source of records:  N/A   
g) Will each individual participant know his/her records are being consulted?  NO   
If YES, state how these records will be obtained:  N/A    
h) Are all participants over 21 years of age?  NO  If NO, state justification for inclusion of minors in study:  Research studies 
by several studies including Welsh et al. (2004:826) and statistics from the World health 
organisation found that children had a higher prevalence rate for asthma and that if not 
treated correctly as a child, it may result in further impairments of physical conditioning 
once the child has reached adulthood.  
 
4. CONSENT OF PARTICIPANTS 
a) Is consent to be given in writing?   YES   
If YES, include the consent form with this application.  (A pro-forma file "REC-H Informed Consent Pro-forma" is available for your 
convenience.  Modify it to suit your requirements, and attach as "Appendix 2").  
If NO, state reasons why written consent is not appropriate in this study.       
b) Are any participant(s) subject to legal restrictions preventing them from giving effective informed consent?  NO   
If YES, please justify:      
c) Do any participant(s) operate in an institutional environment, which may cast doubt on the voluntary aspect of consent?   NO   
If YES, state what special precautions will be taken to obtain a legally effective informed consent: 
     
d) Will participants receive remuneration for their participation?  NO  If YES, justify and state on what basis the remuneration is 
calculated, and how the veracity of the information can be guaranteed.       
e) Do you require consent of an institutional authority for this study?  YES  If YES, specify:   Consent from the Human 
Movement Science department and RTI Faculty regarding the validity and potential of the 
studies researched. Consent from the Ethic committee regarding the safety and ethical 
aspects of the studies who require human participants.     
 
5. INFORMATION TO PARTICIPANTS 
a) What information will be offered to the participant before he / she consents to participate? (A pro-forma file "REC-H Preamble Letter 
Pro-forma.doc" is available for your convenience.  Modify it to suit your requirements, and attach as [Appendix 2].  Attach any oral 
[Appendix 3] information given) 
b) Who will provide this information to the participant?  (Give name and role)   
Ingrid mansell  Role of Provider  If "Other", please specify:  Principle researcher   
c) Will the information provided be complete and accurate?   YES  If NO, describe the nature and extent of the deception involved and 
explain the rationale for the necessity of this deception below:  
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6. PRIVACY, ANONYMITY AND CONFIDENTIALITY OF DATA 
a) Will the participant be identified by name in your research?  NO   If YES, justify:       
b) Are provisions made to protect participant’s rights to privacy and anonymity and to preserve confidentiality with respect to data?  
YES   If NO, justify  If YES, specify:  With regards to the release of statistics provided by the study, 
the results will be explained in general tems and will not mention names or details of the 
participants. All progressions, problems or complaints of or by the participants will be dealt 
with by the principle reseacher only.       
c)  If mechanical methods of observation be are to be used (e.g. one-way mirrors, recordings, videos etc.), will participant’s consent to 
such methods be obtained?  Not Applicable   If NO, justify:        
d) Will data collected be stored in any way?  YES  If YES, please specify: (i) By whom?  (ii) How many copies?  (iii) For how long?  (iv) 
For what reasons?  (v) How will participant’s anonymity be protected?  i) by the priciple reseacher only, ii) only 
back-up copies of the information pertaining to the studies will be kept (3 copies - two on 
computer and one on flash drive) iii) For the duration of the study iv) In the event that 
information is lost due to corruptio of files or failure of hard drives, v) only the principle 
researche will deal with the information and all results will be classified with passwords 
placed on the files. All results will be pooled and genealisations will be drawn from the 
research results.     
e) Will stored data be made available for re-use?  YES  If YES, how will participant’s consent be obtained for such re-usage?  Each 
participant will be required to sign a form requesting consent for the release of stastistical 
data derived from the measurements of the tests.     
f) Will any part of the project be conducted on private property (including shopping centres)?  NO  If YES, specify and state how 
consent of property owner is to be obtained:       
g) Are there any contractual secrecy or confidentiality constraints on this data?  NO  If YES, specify:       
 
7. FEEDBACK 
a) Will feedback be given to participants?  YES  If YES, specify whether feedback will be written, oral or by other means and describe 
how this is to be given (e.g. to each individual immediately after participation, to each participant after  the entire project is completed, 
to all participants in a group setting, etc.) :   Feedback will be given during performance of the exercise 
training as a form of motivation and so that each particiapant feels that they are 
completing the exercises in the correct manner. Additional feedback will be given once all 
the data has undergone statistical analysis and results have been derived form the study.     
b) If you are working in a school or other institutional setting, will you be providing teachers, school authorities or equivalent a copy of 
your results?  YES If YES, specify, if NO, motivate:   The Human Movement Science department will 
receive copies of the study and the information will hopefully be, once completed, 
published in a respectible and accreditied research journal.    
 
 
8. ETHICAL AND LEGAL ASPECTS 
a) The Declaration of Helsinki (2000) will be included in the references :  YES  If NO, motivate:       
b) I would like the REC-H to take note of the following additional information:     N/A    
 
9. DECLARATION 
If any changes are made to the above arrangements or procedures, I will bring these to the attention of the Research Ethics 
Committee (Human).   
I have read, understood and will comply with the Guidelines for Ethical Conduct in Research and Education at the Nelson Mandela 
Metropolitan University and have taken cognisance of the availability (on-line) of the Medical Research Council Guidelines on Ethics 
for Research.   
All participants are aware of any potential health hazards or risks associated with this study. 
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I  AM NOT  aware of potential conflict(s) of interest which should be considered by the Committee.  
If affirmative, specify:       
   07 April 2009 
SIGNATURE: Dr Maryna Baard (Primary Responsible Person) Date 
   07 April 2009 
SIGNATURE:  Ingrid Mansell (Pricipal Investigator/Researcher) Date 
 
10. SCRUTINY BY FACULTY AND INTRA-FACULTY ACADEMIC UNIT 
This study has been discussed, and is supported, at Faculty and Departmental (or equivalent) level.  This is attested to by the 
signature below of a Faculty (e.g. RTI) and Departmental (e.g. HoD) representative, neither of whom may be a previous signator. 
              
NAME  and  CAPACITY (e.g. HoD) SIGNATURE Date 
               
NAME  and  CAPACITY (e.g. Chair:FacRTI) SIGNATURE Date 
 
 
 
11. APPENDICES 
In order to expedite the processing of this application, please ensure that all the required information, as specified below, is attached 
to your application. 
 
 
APPENDIX 1: RESEARCH METHODOLOGY 
Attach the full protocol and methodology to this application, as  "Appendix 1". 
 
APPENDIX 2: INFORMED CONSENT FORM 
A pro-forma file "REC-H Informed Consent Pro-forma" is available for your convenience.  Modify it to suit your requirements, and 
attach as "Appendix 2".  If no written consent  is required, motivate at 4a).  You are not compelled to use this pro-forma.  It is provided 
as a convenience to those applicants who do not already have an informed consent form.  Please delete any information not 
applicable to your project and complete/expand as deemed appropriate.  The intention is that you make sure you have covered all the 
aspects of informed consent, as applicable to your work. 
 
APPENDIX 3: WRITTEN INFORMATION GIVEN TO PARTICIPANT PRIOR TO PARTICIPATION 
A pro-forma file "REC-H Preamble Letter Pro-forma.doc" is available for your convenience.  Modify it to suit your requirements, and 
attach as "Appendix 3".  You are not compelled to use this pro-forma.  It is provided as a convenience to those applicants who do not 
already have a letter available.  Please delete any information not applicable to your project and complete/expand as deemed 
appropriate.  The intention is that you make sure you have covered all the aspects of written information to be supplied to participants, 
as applicable to your work. 
 
APPENDIX 4: ORAL INFORMATION GIVEN TO PARTICIPANT PRIOR TO PARTICIPATION 
If applicable, attach the required information to your application, as "Appendix 4". 
 
 
 
 
In order to facilitate improvements in efficacy/ease of use, feedback via a REC-H committee member will be appreciated. 
 
 
 
 
  
 
Whole body vibration programme week 1 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
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 Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Exercise programme week 1 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for 
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold  static for 
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Sets: 1 
Duration:  
30 sec 
 
Hold static for 
duration of 30 
seconds  
 Sets: 1 
Duration:  
30 sec 
 
Hold static for  
duration of 30 
seconds 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
Amplitude: low 
 
 
 
 
 
   
Whole body vibration programme week 2 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM in squat 
position, ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM in squat 
position, ± 10 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 10 
movements 
Amplitude: low  
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 Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: alt legs, 
± 10 
movements 
Amplitude: low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
40 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Exercise programme week 2 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 10 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: alt legs 
± 10 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 Whole body vibration programme week 3 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM in  
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM in squat 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 15 
APPENDIX G:  Whole body vibration and exercise programme week 3 
 
squat 
position, ± 
15 
movements 
Amplitude: 
low 
position, ± 15 
movements 
Amplitude: low 
movements 
Amplitude: low  
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: alt 
legs, ± 15 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
low 
 
  
 
 
 
 
 
 
 
 
 
 
 
Exercise programme week 3 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 
movements 
 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
± 15 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
Whole body vibration programme week 4 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ±15 to 
20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low 
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 Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in 
squat 
position, ± 
15 to 20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in squat 
position, ± 15 
to 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low  
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: alt 
legs, ± 15 to 
20 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
  
 
Exercise programme week 4 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ±  
15 to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 15 
to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
±15 to 20 
 
 movements 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
  
Whole body vibration programme week 5 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 
20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low 
 
APPENDIX I:  Whole body vibration and exercise programme week 5 
 
 Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in 
squat 
position, ± 
15 to 20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in squat 
position, ± 15 
to 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 15 to 20 
movements 
Amplitude: low  
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: alt 
legs, ± 15 to 
20 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
 
Exercise programme week 5 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
  
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 
20 movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 15 
to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 15 
to 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 15 to 20 
movements 
Sets: 1 
Duration:  
30 sec 
 
SSM: alt legs 
 
 ± 15 to 20 
movements 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 Whole body vibration programme week 6 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: high 
 
APPENDIX J:  Whole body vibration and exercise programme week 6 
 
 Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM in 
squat 
position, ± 
20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM in squat 
position, ± 20 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
30 Hz 
SSM: alt 
legs, ± 20 
movements 
Amplitude: 
high 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
 
Exercise programme week 6 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
± 20 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
 
Whole body vibration programme week 7 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
35 Hz 
Amplitude: 
high 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: high 
 
APPENDIX K:  Whole body vibration and exercise programme week 7 
 
 Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM in 
squat 
position, ± 
25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM in squat 
position, ± 25 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
35 Hz 
SSM: alt 
legs, ± 25 
movements 
Amplitude: 
high 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
  
 
 
Exercise programme week 7 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
± 25 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
 
Whole body vibration programme week 8 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
APPENDIX L:  Whole body vibration and exercise programme week 8 
 
 Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in 
squat 
position, ± 
28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in squat 
position, ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: alt 
legs, ± 28 
movements 
Amplitude: 
high 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
 
Exercise programme week 8 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
± 28 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
Whole body vibration programme week 9 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
40 Hz 
Amplitude: 
high 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
APPENDIX M:  Whole body vibration and exercise programme week 9 
 
 Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in 
squat 
position, ± 
28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM in squat 
position, ± 28 
movements 
Amplitude: 
high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: high 
 
Sets: 1 
Duration:  
30 sec 
Frequency:  
40 Hz 
SSM: alt 
legs, ± 28 
movements 
Amplitude: 
high 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
Exercise programme week 9 
 
Warm-up 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
30 sec 
SSM: alt legs 
± 28 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
30 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
30 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
Whole body vibration programme week 10 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
30 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
30 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: low 
 
APPENDIX N:  Whole body vibration and exercise programme week 10 
 
 Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM in 
squat 
position, ± 
20 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM in squat 
position, ± 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: ± 20 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
30 Hz 
SSM: alt 
legs, ± 20 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
 
Exercise programme week 10 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
 45 sec 
 
SSM in squat 
position, ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM in squat 
position, ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 20 
movements 
 
Sets: 1 
Duration:  
45 sec 
SSM: alt legs 
± 20 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
Whole body vibration programme week 11 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
35 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
35 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
35 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: low 
 
APPENDIX O:  Whole body vibration and exercise programme week 11 
 Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM in 
squat 
position, ± 
25 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM in squat 
position, ± 25 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: ± 25 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
35 Hz 
SSM: alt 
legs, ± 25 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
Exercise programme week 11 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
 45 sec 
 
SSM in squat 
position, ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM in squat 
position, ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 25 
movements 
 
Sets: 1 
Duration:  
45 sec 
SSM: alt legs 
± 25 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
 
Whole body vibration programme week 12 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
Amplitude: low 
 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
40 Hz 
Amplitude: 
low 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: low 
 
APPENDIX P:  Whole body vibration and exercise programme week 12 
 
 Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM in 
squat 
position, ± 
28 
movements 
Amplitude: 
low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM in squat 
position, ± 28 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: ± 28 
movements 
Amplitude: low 
 
Sets: 1 
Duration:  
45 sec 
Frequency:  
40 Hz 
SSM: alt 
legs, ± 28 
movements 
Amplitude: 
low 
 
Cooling down 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: high 
 
 
Sets: 1 
Duration:  
60 sec 
Frequency:  
50 Hz 
Amplitude: 
high 
 
  
 
 
 
 
 
Exercise programme week 12 
 
Warm-up 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
Whole body training 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
 45 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM in squat 
position, ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
 
SSM: ± 28 
movements 
 
Sets: 1 
Duration:  
45 sec 
SSM: alt legs 
± 28 
movements 
 
Cooling down 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch  
Sets: 1 
Duration:  
45 sec 
Frequency:  
Slight stretch 
 
Sets: 1 
Duration: 
45 sec 
Frequency: 
Slight stretch 
 
 
 
 
 
